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The world’s largest mountain plateau, the Tibetan Plateau, not only plays an important 
role in supplying water to more than a third of world’s population, but its unique character-
istics also influence global climate. Different circulation systems interact there, including the 
Asian monsoons and the westerlies, though the past variability of the circulation patterns is 
still under debate. Sediments and landforms of different process-environments along a 
catchment-wide sediment cascade can be used to infer landscape evolution and past envi-
ronmental conditions, e.g., climatic changes. More than 1000 lake catchments on the Tibetan 
Plateau receive water mainly from Asian summer monsoon precipitation and from glacial 
melt. Although the extent of past glaciers is still under discussion, it can be assumed that 
most Tibetan catchments were affected by glaciers in the past, and may still be today. At the 
glacial/periglacial zone, sediment transfer starts via the fluvial and the aeolian system to-
wards the local end of a sediment cascade: the lake. However, sedimentation and geomor-
phological dynamics are not always triggered by climate alone. Tectonic activity is a further 
important driver of landscape evolution, as uplift and accommodation of the Indo-Eurasian 
collision is still ongoing and many lakes have formed in extensional basins. Human impact 
also started to significantly affect sedimentation dynamics via grazing during at least the 
last 2000 years. 
This study focuses on the reconstruction of past hydrological changes at Lake Donggi 
Cona (35°18’N, 98°32’E, 4090 m a.s.l.), in Qinghai province, on the north-eastern Tibetan 
Plateau. The lake is situated along the Kunlun fault, at the northern limit of the Asian sum-
mer monsoons. Lake level changes were assessed from landforms and sediments along the 
littoral zone of the lake. Basin morphology and depositional stratigraphy below the present 
lake level were studied with echo depth sounding and shallow seismic sub-bottom profil-
ing. A flexible end-member modelling algorithm based on eigenspace analysis was devel-
oped and applied to the detrital, multi-modal grain-size components of lacustrine surface 
sediment samples to quantify transport processes that contribute sediments to the lake. 
High-stand sediments in nine sections from lake terraces above the present lake level 
(a.p.l.l.) were studied stratigraphically and end-member modelling was applied to their 
grain size distributions. Lake level changes were interpreted from submersed terraces and 
delta sediments, as well as from lake shorelines and high-stand sediments. The sensitivity 
of the lake basin and littoral zone to climatic change depends on the basin and shore mor-
phology, as well as on the contribution of sediment and water from the catchment. Finally, 
the involved driving forces, i.e., climate, geomorphological processes, tectonics and human 





The basin morphology and seismic survey confirm the evolution of the pull-apart basin. 
The basin can be divided into an up to 92 m deep graben in the western part and a flat east-
ern part of the lake. The in-lake continuation of the Kunlun fault could be tentatively traced 
along the graben rims, below ~30 m of draping sediments of three depositional units. Sev-
eral morphological levels were found at 24, 39 and 57 m water depth, as well as associated 
delta systems that point to past lower lake stands.  
End-member modelling of grain size distributions from modern lake surface sediments 
helped to distinguish and quantify five sediment transport processes. A clay end-member 
represents fluvial/alluvial suspension load, three end-members in the fine sand to medium 
silt domains represent local to remote aeolian processes, and a multimodal end-member 
represents the highly variable fluvial and littoral input that reached the deeper lake. The 
two finest-grained end-members are robust grain size components of the lake and represent 
sedimentation in deep, calm water. 
Stratigraphies and grain size end-members of past high-stand sediments were used to 
reconstruct the interaction of different sedimentary environments at the littoral zone (i.e., 
fluvial/alluvial, littoral, and lacustrine) during recorded higher than present lake stands. 
After a lake level rise with intense fluctuations from ~11.5 cal. ka BP onwards, the highest 
lake stand was reached at ~16.5 m a.p.l.l., i.e., the level of the T4 onshore terrace, at ~9.1 cal. 
ka BP. After a short-term lake level decline at ~8.5 cal. ka BP, as indicated by a lack of lacus-
trine high-stand sedimentation, a phase of post-depositional cryoturbation, and potential 
floodplain sedimentation at the second largest inflow, the lake rose again to ~10.1 m a.p.l.l., 
i.e., the level of the T3 onshore terrace, at ~7.5 cal. ka BP. The lake changed from a closed to 
an open system at ~6.8 cal. ka BP and stabilized at the height of T2 terrace at ~6.1 m a.p.l.l. 
afterwards. A further lake level decline to ~3.5 m a.p.l.l. (T1 terrace), with some fluctuations, 
happened after ~4.3 cal. ka BP, parallel with a change in lake stratification. No high-stand 
sediments were deposited thereafter.  
In general, lake high-stand sedimentation and lake level changes responded to the over-
all changes in Asian monsoon variability. Lake low stands occurred during the cold and dry 
phases of the Pleistocene, though only the lake stand at -24 m could be dated to ~20 cal. ka 
BP. The increase in monsoon-related precipitation caused the lake to rise during the early to 
mid-Holocene, with a short-term reduction at the time of the global centennial cooling and 
drying phase at 8.5 cal. ka BP. The end of the subsequent high-stand sedimentation marks 
the shift to a dry and cool period during the late Holocene. However, the fluctuations at the 
beginning and end of high-stand sedimentation, as well as the opening of the lake at ~6.8 





sional processes and tectonics may have affected the lake’s spillway at the western shore, 
independent of climatic change, and could have exerted a strong control on past hydrologi-
cal changes.  
The geological and geomorphological heterogeneity of the lake basin, littoral zone, and 
sub-catchment complicates sediment facies interpretations and lake level reconstructions 
from granulometric data, and probably also affected the uncertainty in radiocarbon dating 
(i.e., reservoir and hard-water effect). However, the lake responded very sensitively to past 
hydrological changes, as recorded, for instance, in unique high-stand sediment sections, 
and quantitative estimations of past lake volumes could be derived, even though the lake is 








Das größte Gebirgsplateau der Welt, das Tibet-Plateau, spielt nicht nur eine wichtige 
Rolle für die Versorgung von über einem Drittel der Weltbevölkerung mit Wasser, sondern 
es beeinflusst mit seinen Eigenheiten auch das globale Klima. Verschiedene Zirkulations-
systeme interagieren dort: die Asiatischen Monsune und die Westwindzirkulation, deren 
Muster und Variabilität in der Vergangenheit noch immer diskutiert werden. Sedimente 
und geomorphologische Formen aus verschiedenen Prozessregimen entlang einer Sedi-
mentkaskade können verwendet werden um die Landschaftsentwicklung und frühere 
Umwelt- und insbesondere Klimabedingungen abzuleiten. Über 1000 tibetische Seeein-
zugsgebiete erhalten Wasser vorwiegend aus dem Niederschlag der Asiatischen Sommer-
monsune und von Gletscherschmelze. Obwohl die damalige Ausdehnung der Gletscher 
noch diskutiert wird, kann davon ausgegangen werden, dass die meisten tibetischen Ein-
zugsgebiete von Gletschern beeinflusst wurden und werden. In der glazialen und perigla-
zialen Zone beginnt der Sedimenttransfer über das fluviale und äolische System in Rich-
tung des lokalen Endglieds einer Sedimentkaskade: dem See. Jedoch werden 
sedimentologische und geomorphologische Prozesse nicht allein vom Klima bestimmt. Tek-
tonische Aktivität ist eine weitere wichtige Steuergröße für die Landschaftsentwicklung, da 
die Hebung und Anpassung an die Indo-Eurasische Kollision anhält und viele Seen Exten-
sionsbecken füllen. Menschlicher Einfluss, d.h. Beweidung, begann zudem die Sedimenta-
tionsdynamiken seit mindestens den letzten 2000 Jahren zu beeinflussen. 
Diese Arbeit konzentriert sich auf die Rekonstruktion der hydrologischen Veränderun-
gen am Donggi Cona See (35°18’N, 98°32’E, 4090 m ü.d.M.), in der chinesischen Provinz 
Qinghai, auf dem nordöstlichen Tibet Plateau. Der See liegt an der Kunlunverwerfung und 
im Bereich der nördlichen Grenze der Asiatischen Sommermonsune. Seespiegelschwan-
kungen wurden an geomorphologischen Formen und Sedimenten entlang der litoralen Zo-
ne des Sees abgeleitet. Die Beckenmorphologie und Sedimentstratigraphie unterhalb des 
aktuellen Seespiegels wurde über Echolotungen und Flachseismik untersucht. Um Trans-
portprozesse zu quantifizieren, die zur Sedimentation im See beitragen wurde ein flexibler 
Endmember-Modellierungsalgorithmus entwickelt, basierend auf den Prinzipien der Ei-
genraumanalyse, und auf die detritischen, multi-modalen Korngrößenverteilungen 
lakustriner Oberflächensedimentproben angewendet. Hochstandssedimente von neun Pro-
filen in Seeterrassen über dem aktuellen Seespiegel (a.p.l.l.) wurden stratigraphisch und 
durch Endmember-Modellierung ihrer Korngrößenverteilungen untersucht. Seespiegel-
schwankungen wurden aus subaquatischen Terrassen und Deltasedimenten sowie aus 





des Strandbereichs gegenüber klimatischen Veränderungen ist sowohl abhängig von der 
Becken- und Strandmorphologie, als auch von Sediment- und Wasserzustrom aus dem Ein-
zugsgebiet. Die beeinflussenden Steuergrößen, Klima, geomorphologische Prozesse, Tekto-
nik und Mensch, wurden schließlich in einem größeren Kontext diskutiert. 
Die Beckenmorphologie und seismische Erkundung bestätigt die Entwicklung des Sees 
in einem „pull-apart“-Becken. Das Becken ist gegliedert in einen bis zu 92 m tiefen Graben 
im westlichen Teilbecken und in ein flaches östliches Teilbecken. Die Fortsetzung der 
Kunlunverwerfung im See konnte entlang der Grabenstruktur unter einer ~30 m Sediment-
schicht, bestehend aus drei Sedimenteinheiten, vermutet werden. Mehrere geomorphologi-
sche Niveaus in 24, 39 und 57 m Wassertiefe und damit assozierte Deltasysteme weisen auf 
tiefere Seestände hin. 
Die Endmember-Modellierung der Korngrößenverteilungen moderner Seesedimente 
half fünf Sedimenttransportprozesse zu identifizieren und zu quantifizieren. Ein Ton-
Endmember repräsentiert fluviale/alluviale Suspensionsfracht, drei Endmember in den 
Feinsand- bis Mittelschlufffraktionen repräsentieren äolischen Nah- und Ferntransport und 
ein multimodaler Endmember repräsentiert den hochvariablen Fluss- und Strandeintrag, 
der auch tiefere Seebereiche erreichen kann. Die beiden feinsten Endmember sind dabei die 
robustesten Korngrößenbestandteile des Sees und repräsentieren die Sedimentation im ru-
higen, tiefen Wasser. 
Die Stratigraphien und Korngrößen-Endmember der Hochstandssedimente halfen, die 
Interaktion der verschiedenen (d.h. fluvialen/alluvialen, littoralen und lakustrinen) Sedi-
mentationsprozesse im Strandbereich während höherer Seephasen zu rekonstruieren. Nach 
einem Seespiegelanstieg mit starken Schwankungen beginnend um 11.5 cal. ka BP wurde 
der höchste Seestand bei ~16.5 m a.p.l.l. (das Niveau der T4-Strandterrasse), um 9.1 cal. ka 
BP erreicht. Nach einem kurzen Rückgang um ~8.5 cal. ka BP, angedeutet durch fehlendes 
lakustrines Hochstandssediment, einer Phase der nachträglichen Kryoturbation und einer 
potentiellen Hochflutsedimentation am zweitgrößten Zufluss, stieg der See um 7.5 cal. ka 
BP wieder auf ~10.1 m a.p.l.l., was dem Niveau der T3-Strandterrasse entspricht. Der See 
öffnete sich um 6.8 cal. ka BP und stabilisierte sich danach auf Höhe der T2-Terrasse (~6.1 m 
a.p.l.l.). Ein weiterer Seespiegelrückgang auf ~3.5 m a.p.l.l. (T1-Terrasse) fand nach ~4.3 cal. 
ka BP statt, parallel mit einem Wechsel in der Seeschichtung. Danach wurden keine weite-
ren lakustrinen Hochstandssedimente mehr abgelagert. 
Im Allgemeinen folgten die Seehochstandsedimentation und die Seespiegelschwankun-





kalten, trockenen Phasen des Pleistozäns statt, auch wenn nur der dritttiefste Seestand bei -
24 m auf ~20 cal. ka BP datiert werden konnte. Die Intensivierung der Monsunniederschlä-
ge verursachte den Seeanstieg im frühen und mittleren Holozän, mit einem kurzen Rück-
gang zur Zeit einer globalen, hundertjährigen Kalt- und Trockenheitsphase um 8.5 cal. ka 
BP. Das Ende der Hochstandssedimentation korreliert mit dem Übergang zu einer trockne-
ren und kühleren Phase im späten Holozän. Allerdings waren die Fluktuationen zu Beginn 
und Ende der Hochstandsphase sowie die Seeöffnung eher durch lokale geomorphologi-
sche und tektonische Dynamiken verursacht. Erosions- und tektonische Prozesse könnten 
den Überlauf am westlichen Strand beeinflusst haben, unabhängig von klimatischen Ver-
änderungen, und könnten eine starke Kontrolle auf die früheren hydrologischen Schwan-
kungen ausgeübt haben.  
Die geologische und geomorphologische Heterogenität des Seebeckens, des Litorals 
und der Teileinzugsgebiete komplizieren die Auswertung der Sedimentfazien und die Re-
konstruktion der Seespiegelschwankungen aus Korngrößendaten. Sie beeinflussen sicher-
lich auch die Unsicherheiten in der Radiokohlenstoffdatierung (z.B. Reservoireffekt). Aller-
dings reagierte der See sehr sensibel auf vergangene hydrologische Schwankungen, doku-
mentiert u.a. in einzigartigen Hochstandssedimentprofilen, und es konnten frühere Seevo-






1. INTRODUCTION  
1.1 MOTIVATION  
The Tibetan Plateau has unique characteristics that call for (palaeo-) environmental re-
search. It is the world’s largest mountain plateau with an average elevation above 4300 m 
a.s.l., and is bordered by some of the highest mountain ranges in the world (e.g., Himalaya, 
Karakorum, Tian Shan). Outside of the Polar Regions, the Tibetan Plateau represents the 
largest glaciated region on the planet. Acting as a “water tower” that supplies more than a 
third of the world’s population with drinking and industrial water (e.g, Bolch et al., 2012) – 
it is the source of some of the world’s largest rivers, such as the Brahmaputra, Mekong, 
Yangtze, and Huanghe (Yellow River) (Huang et al., 2008; Qiu, 2008) and hosts more than 
1000 lakes (Hou et al., 2012). The Plateau exhibits a high sensitivity to anthropogenic global 
climate change that is similar to Antarctica and the Arctic (Qiu, 2008). However, future sce-
narios on water availability and how climate change is affecting the Tibetan Plateau are 
contradictory (Thompson et al., 1993; Liu et al., 2009; Bolch et al., 2012) and often draw con-
clusions from a poor database (Bräuning and Mantwill, 2004). Current trends conflictingly 
suggest either a reduction (Wang and Ding, 2006) or an increase in precipitation (Wu et al., 
2006), whereas Tibetan lakes predominantly show a declining trend over the last two dec-
ades (Colman et al., 2007; Xin, 2008). Hence, a major aim of many projects is to reconstruct 
hydrological processes on the Tibetan Plateau.  
In 2008, the priority programme 1372 of the German Research Foundation (DFG) on 
“Tibetan Plateau: Formation – Climate – Ecosystems” started its research. With its focus set 
on late Cenozoic climate evolution, a team consisting of geographers and geologists from 
RWTH Aachen, AWI Potsdam and FU Berlin started its work on “Landscape and lake sys-
tem response to Late Quaternary monsoon dynamics on the Tibetan Plateau – Northern 
Transect” in summer 2008. The study reconstructs land forming processes from different 
archives along catchment-wide sediment cascades in well-defined lake catchments that are 
influenced by monsoonal dynamics.  
A sediment cascade is the path of sediments, which spans a wide range of geomorpholog-
ical and sedimentological process-dynamics. The concept of a sediment cascade refers to 
several sedimentary environments that are characterized by specific processes of sediment 
erosion, transport and storage. These processes are related in space and time. For example, 
fluvial/alluvial processes connect all components of a sediment cascade, from the upper 
catchments (where glacial and periglacial processes may dominate) to the local base level 





Hence, sediment eroded from the upper catchments may be found accumulated in a sedi-
ment archive in the lower catchment. Aeolian processes, in contrast, may recycle and dis-
tribute sediment in all directions and across watersheds (Figure 1.1). Reconstructing past 
sedimentary conditions related to hydrological conditions, for example, is possible from 
sedimentary archives and related landforms. Studies of the manifold components of a local 
or regional sediment cascade (Figure 1.1) have revealed different ways of reconstructing 
past environmental conditions, e.g., using lake sediments (Cohen, 2003; Jones and Jordan, 
2007), glacial deposits (Kirkbride and Winkler, 2012), or loess-palaeosol-sequences (Pye, 
1995; Muhs, 2007). However, the idea of studying the different components of a single 
catchment-wide sediment cascade and connecting the different archives along it is unique 
to the Northern Transect project. 
 
Figure 1.1: Sediment and water pathways along a sediment cascade in a lake catchment, including 
the main drivers of environmental change that integrate in a sediment archive.  
However, reconstruction of hydrological processes using sedimentological and geo-
morphological approaches can be a very complex task, since climate is only one of the driv-
ing factors that control sedimentation and morphology. In some regions climate may even 
be of minor importance (Slaymaker et al., 2009), when tectonic movements, for example, 
come into play. They shape landscapes, alter sedimentation and overprint sediments post-
depositionally at different spatial and temporal scales. Also, human activity can affect land 
cover, alter water pathways and storage (lakes and reservoirs), and can even remove water 





main drivers is an important precondition for a valid sedimentological and geomorphologi-
cal analysis. An archive or landscape can be regarded as sensitive, when small-scale altera-
tions of climatic or non-climatic change leave a distinct fingerprint in the sediment archive. 
Different temporal and spatial scales have to be considered, as environmental and espe-
cially hydrological signals can be filtered and buffered in multiple ways along a sediment 
cascade (Figure 1.1). Minor filters and buffers, related to the major drivers of environmental 
change, are long- and short-term storage, reworking, and alteration of sediment by physical 
and geochemical processes (e.g., pedogenesis, permafrost). The larger the catchment, the 
more it integrates long-term alterations caused by the driving factors. In contrast, small 
catchments are rather prone to small-scale, local disturbances (Slaymaker et al., 2009). 
Hence, it is important to characterize the lake basin and catchment configuration to deter-
mine the sensitivity of the sediment cascade, and also the potential buffering systems asso-
ciated with the evolution of the lake. As a consequence, methods are needed to distinguish 
the relevant signals in sediments from random noise, as well as to allow a characterization 
of the depositional environments (glacial, fluvial/alluvial, aeolian, littoral, and lacustrine), 
especially along the transition zone between land and lake.  
1.2 OBJECTIVES, APPROACH AND OUTLINE  
During field campaigns in 2006 and 2007, morphological indications of higher lake 
stands at Lake Donggi Cona on the north-eastern Tibetan Plateau suggested considerable 
water level variations in the past, although the studied lake is currently an open system. 
The dissertation presented here comprises most of the work performed on the sedimentary 
environments of the littoral zone and the lake basin morphology. It represents a connecting 
study between the research groups of the Northern Transect project, because it considers 
both lake and catchment response to Late Quaternary climate change by using sediments 
and landforms of lacustrine and terrestrial origin. 
Two general questions are the focus of this thesis: 
 How sensitive is the Lake Donggi Cona basin and its sediment cascade to climatic 
changes, and what further driving forces of environmental change play a role in the 
catchment?  
 How did lake levels at Lake Donggi Cona vary in the past and what were the re-
sponsible driving mechanisms?  
To answer these questions, morphological and sedimentological characteristics of the 





basin morphology and sediment architecture of Lake Donggi Cona aimed to decipher how 
the lake and its basin evolved. To differentiate the depositional environments that respond 
to lake level changes, sediment transport signals needed to be separated in 
sedimentological data (especially in grain size data). As a consequence, the detrital sedi-
ment composition of modern and fossil lake sediments was studied. Finally, lake level 
changes were reconstructed quantitatively and compared with other hydrological recon-
structions in the area to decipher the main driving mechanisms, and assess the transferabil-
ity of the results in space and time.  
In Chapter 1.3, I provide an overview of our current knowledge regarding the recon-
struction of hydrological processes on the Tibetan Plateau using sedimentological and geo-
morphological methods. First, I introduce the main drivers of hydrological processes, i.e., 
climate, tectonics and human activity, and their general importance for the Tibetan Plateau. 
Then, the role of these drivers is discussed with respect to different components of a typical 
Tibetan sediment cascade.  
In Chapters 2 through 4, I present the results in the same order and way they were pre-
pared for submission to international, peer-reviewed journals (Table 1.1). Chapter 2 pre-
sents detailed descriptions of the basin morphology and sediment architecture of Lake 
Donggi Cona, which gives first implications for the climatic sensitivity of the lake and its 
catchment and allows the reconstruction of lake evolution and lower-than-present water 
level changes. In Chapter 3, I present an algorithm on end-member modelling analysis 
(EMMA) of grain size data that has been applied to modern surface samples of Lake 
Donggi Cona. The developed EMMA algorithm is a flexible tool for studying the signals of 
sediment sorting processes in many types of depositional settings, and allows robust and 
quantitative grain size studies, including estimations of uncertainty (see Chapter 9 for 
Matlab-code and further references where EMMA has been successfully used).  
Chapter 4 summarizes the major findings from field work at Lake Donggi Cona in May 
and August/September, 2009. Chapter 4.1, contains a short summary of the investigations of 
four onshore terraces that encircle the lake. These terraces contain high-stand sediments of 
lacustrine, littoral, near-shore, and fluvial/alluvial origin. Their stratigraphies were studied, 
and EMMA was applied to the grain size data to characterize past depositional changes in 
the onshore terrace sediments. Using a combination of high-stand sediment stratigraphy 
and granulometry, I was able to reconstruct lake level changes above the present level, as 





Following the main objectives, Chapter 5 integrates and discusses the all the results of 
this thesis. An overall reference list, including also the references of the already published 
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Table 1.1: Published and submitted manuscripts and the chapters in this dissertation, where they are 
presented. 
All included manuscripts (Table 1.1) were entirely structured and prepared by myself. I 
performed all of the revisions after the already published articles were peer-reviewed. The 
results of Chapter 2 are based on field work conducted in summer 2006 (bathymetric and 
seismic work done by B. Wünnemann, B. Diekmann, and S. Yang). C. Kopsch and F. 
Niessen helped with processing and interpreting the seismic data. S. Mischke, U. 
Herzschuh, B. Aichner and S. Opitz provided the core data. The other co-authors partici-





The article presented in Chapter 3 is based on lake surface samples collected in summer 
2006 by B. Wünnemann, B. Diekmann, and S. Mischke. Grain sizes were measured by B. 
Diekmann. EMMA was developed by me, along with K. Hartmann and A. Borchers, and I 
applied it to the grain size data. The other co-authors revised the initial manuscript.  
For the manuscript comprising Chapter 4.2, I did more than 80% of the field work (pro-
file descriptions and sampling) and half of the laboratory work, helped in the field by B. 
Wünnemann, K. Hartmann, H. Jin, S. Yang and the students mentioned in the acknowl-
edgements. I interpreted the data and wrote all of the manuscript. F. Lehmkuhl, G. Stauch 
and B. Diekmann helped in revising the initial version of the manuscript. 
1.3 STATE-OF-THE-ART 
1.3.1 STUDY AREA 
Lake Donggi Cona is situated at 35°18’N and 98°32’E at an elevation of 4090 m a.s.l., in 
Qinghai province on the north-eastern Tibetan Plateau, China (Figure 1.2). The Donggi 
Cona catchment is influenced by Asian monsoon systems that interact with the westerlies 
(Domrös and Peng, 1988). Moisture to the catchment is mainly provided by the summer 
monsoons (Figure 1.2). Because the lake fills the western half of a pull-apart basin situated 
at the Kunlun fault (Van der Woerd et al., 2002), tectonic movements must be considered as 
an active driver of morphological and sedimentological dynamics. The configuration of the 
semi-arid catchment (area: 3174 km²) is very heterogeneous, including a major fault zone, 
different rock types, mountain ranges up to 5300 m a.s.l., moraines, episodic and perennial 
fluvial systems, aeolian deposits, wetlands associated with discontinuous permafrost, and 
the currently 229 km² freshwater Lake Donggi Cona (see below for details).  
 
Figure 1.2: Location of Lake Donggi Cona at the north-eastern Tibetan Plateau. Arrows (left) indicate 





fault (after Fu et al., 2005). The white line in the right figure delineates the Donggi Cona catchment 
including some sites referred to in the text.  
The Donggi Cona area is populated by Golog Tibetan nomads, who use the areas close 
to the lake as winter dwelling regions and move to higher areas during summers. The na-
tional road G214 crosses the catchment in the east connecting the towns of Gonghe in the 
north with Madoi in the southwest. The small settlement of Huashixia has around 1500 in-
habitants and has probably existed as a town since the 1970s (S. Yang, personal communica-
tion, May 2009; Figure 1.2).  
1.3.2 GEOLOGICAL AND TECTONIC CONSTRAINTS 
Tibetan Plateau uplift started around 50 Ma ago from the active continent-continent col-
lision of the Indian plate with the Eurasian plate, where several ophiolite melange zones, 
island arc-basins, and asynchronously rifted blocks formed a compound orogenic system. 
Intracontinental convergence, uplift and northeastward movement of the Tibetan crust are 
ongoing and are accommodated by long, strike-slip faults (Chen et al., 2004; Royden et al., 
2008; Pan et al., 2012). Though there is still debate on when, how and where this collision 
started, and why this plateau kept so flat (Nelson et al., 1996; Yin and Harrison, 2000; 
Tapponier et al., 2001; Ding et al., 2005), it is widely accepted that the formation of the plat-
eau happened in several uplift phases that were associated with the evolution of the Asian 
monsoon system (An et al., 2001; Qiang et al., 2001; Harris, 2006), possibly also via an uplift-
erosion feedback (Wobus et al., 2006; Whipple, 2009).  
When studying sedimentary palaeoenvironmental archives on the Tibetan Plateau, it is 
important to consider that most of the catchment and lake systems are influenced by this 
collision in some way. Many formed along the major fault systems that accommodate the 
collision stress, which opened deep lakes in places. Some of the lakes might even represent 
the remnants of separate oceanic basins that were amalgamated in suture zones during col-
lision (e.g., Nam Co basin, Pan et al., 2012). The Donggi Cona catchment belongs geological-
ly to the Burhan Buda ophiolite melange zone and the Buqingshan–Maduo–Maqin 
accretionary complex of the Kangxiwar–Muzitagh–Maqin–Mianxian suture system (Pan et 
al., 2012).  
The main tectonic boundary in this suture zone is the left-lateral Kunlun fault, where 
the ongoing collision stress has been accommodated since at least the Pliocene/early Pleisto-
cene (Zheng et al., 2000; Wu et al., 2001). Offsets, calculated along alluvial terraces at six 
sites along 600 km of the Kunlun fault, indicate uniform left-lateral slip rates of at least 11.5 





which Lake Donggi Cona belongs to, Van der Woerd et al. (2000, 2002) found a vertical slip 
component ten times smaller than the horizontal component. The well-known earthquake 
of M~7.5 ruptured the Kunlun fault along the Donggi Cona segment in 1937, leaving char-
acteristic mole tracks, e.g., those found north of the modern lake outlet (Figure 4.3A). In 
comparison with sites further west, similar seismic slip events appear to have smaller mag-
nitudes and shorter recurrence intervals (M~7.5 every 420 years at the Donggi Cona seg-
ment versus M~8 every 900 years at the Xidatan-Dongdatan-segment, Van der Woerd et al., 
2002). Between 1973 and July 2012, the USGS/NEIC earthquake database recorded 24 seis-
mic events between 96°E and 100°E along the Kunlun fault, at depths ranging from 10 to 33 
km. Five events had a magnitude of M≥5, 15 events with M~3.8 to M~4.7, and four events of 
unknown magnitude also took place. According to the seismic hazard map of China, the 
Donggi Cona area is exposed to a medium seismic risk (USGS/NEIC, 2012; cf. Chapter 2.5.1, 
4.2.5.2, and 5.1.3 for further discussion of past tectonic activity at the lake). 
1.3.3 CLIMATIC CONSTRAINTS  
Although the evolution of the Tibetan topographic relief is primarily linked to collision 
and the resulting geological pattern, it is further driven by large-scale climatic changes that 
have triggered glacial and fluvial erosion (Harris, 2006; Stroeven et al., 2009). Northern 
hemisphere glaciations have played an important role in shaping the Tibetan Plateau. For 
example, glacial advances and the associated blockage of large valleys by moraine dams 
were responsible for preserving the prominent edges of the plateau (Korup and Montgom-
ery, 2008).  
The main climatic system on the Tibetan Plateau consists of different interplaying circu-
lation systems (Figure 1.2) that are primarily affected by the large and high extent of the 
Tibetan Plateau (Böhner, 2006). The most important circulation system is the Asian mon-
soon, which can be divided into the dry winter component driven by the large Siberian an-
ticyclone, and the wet Indian and East Asian summer monsoons. The summer monsoons 
result from the temperature difference between the Tibetan Plateau and the large Eurasian 
landmass, and the Indian and Pacific oceans. These oceans are the main moisture source for 
the Tibetan Plateau. However, westerlies may also bring some moisture from the North 
Atlantic region, especially to the western part of the Tibetan Plateau and northern forelands 
(Böhner, 2006; Wünnemann et al., 2007) – this is probably a major moisture delivery mech-
anism during cooler periods (e.g., Little Ice Age, Chen et al., 2010). 
The onset of the Asian monsoon is dated back to around 8 Ma, with an intensification 





the modern summer and winter monsoon relationship around 2.6 Ma (An et al., 2001). 
However, the mechanisms behind, and variability of monsoon intensity and 
teleconnections are still the subject of debate. The effects of solar insolation changes (e.g., 
Fleitmann et al., 2003; Dykoski et al., 2005; Wang et al., 2010) and Greenland temperatures 
on the Asian monsoons seem well-established. The latter may be associated with a 
teleconnection between North Atlantic deep water formation and snowfall on the Tibetan 
Plateau (Dykoski et al., 2005). Though the northern hemisphere climate seems to be the 
main trigger of the Asian monsoons, influences from the southern hemisphere via the posi-
tion of the ITCZ and the state of El Niño-Southern Oscillation are also possible (Morrill et 
al., 2003; An et al., 2011; Shi et al., 2012). The possible southern hemisphere influences may 
explain the connection of the Asian monsoons with the African and South American mon-
soon systems (Morrill et al., 2003; Dykoski et al., 2005). Changes in the general patterns of 
the Asian monsoons and especially global cooling events seem to be synchronous for the 
Holocene (Dykoski et al., 2005; Wang et al., 2010). The most abrupt changes in the Asian 
monsoons occurred at 11.5 cal. ka (the onset of the Holocene and intensification of the Asian 
monsoons), at 4.5 to 5.0 cal. ka (overall weakening of the monsoon) and 1300 AD (increase 
in heterogeneity of the monsoon) in accordance with global climate variability (Morrill et 
al., 2003). 
The Donggi Cona catchment is situated at the modern northern boundary of where the 
wet East Asian and Indian summer monsoon interact with the dry winter monsoon and 
westerlies (Figure 1.2). However, the extents of the modern monsoon differ strongly be-
tween publications, as the Asian monsoons have a strong intra- and interannual variability 
(Shi et al., 2012). Hence, its current extent is better described as a zone of different probabili-
ties that would require further study to accurately map. Further, it is not yet clear which 
monsoon system (Indian or East Asian) is (or was) the most dominant control of summer 
precipitation in the Donggi Cona area. The answer to the above question seems to depend 
on the time-scale considered (Xu et al., 2007). Hence, the phrase “the Asian summer mon-
soons” is used here to integrate these considerations.  
1.3.4 ANTHROPOGENIC CONSTRAINTS 
The Tibetan population is very small compared to Tibetan Plateau’s large area of 
around 2.2 million km². Tibetan people are primarily nomads that rear yaks and sheep. 
There is still debate regarding when the Tibetan Plateau was inhabited permanently and 
how nomadic grazing systems have influenced landscape dynamics. Miehe et al. (2006) and 
Schlütz and Lehmkuhl (2009) determined nomads were present since around 8000 years 





ago, when Kobresia-pastures became dominant and began affecting slope stabilities. Modern 
grazing systems were established around 2200 years ago (Schlütz and Lehmkuhl, 2009; 
Miehe et al., 2011) leading to an increase in sediment reworking along the slopes. Other 
authors suggest that humans have only made a minor contribution to vegetation changes, 
starting around 2000 years ago at the earliest. They attribute vegetation changes to climate, 
especially monsoon dynamics that correlate with global climate variations in the Holocene 
(Herzschuh, 2006; Zhao and Yu, 2012). The climate and grazing impact led to wet tundra 
with mainly alpine steppe vegetation in the Donggi Cona area (Kürschner et al., 2005). 
1.3.5 COMPONENTS OF A TIBETAN SEDIMENT CASCADE 
The Tibetan Plateau hosts a large area of currently glaciated upper catchments (Qiu, 
2008), which is where hydrological conditions start to affect sediment transfer. Glaciers or 
glacial remains (e.g., cirques, moraines) indicate present or past conditions that are suffi-
ciently cold and moist enough to accumulate and preserve ice. Glaciers are an important 
archive of past atmospheric conditions, including records of environmental changes in dust, 
chemistry, stable isotopes, and net accumulation. High-mountain glaciers are very sensitive 
to small-scale climatic changes (Thompson et al., 1993). Hence, considering past glaciations 
is an important requirement for hydrological studies, as they a) are driven primarily by 
climate and relief (Bolch et al., 2012), independent of tectonic movements; b) may respond 
with some site-specific time delay (Kirkbride and Winkler, 2012); and c) can contribute an 
important amount of meltwater to a lake causing lake levels to rise independently of precip-
itation (Wünnemann et al., 2007, 2010). During transitions to warmer periods, high amounts 
of meltwater are produced that can significantly contribute to the water balance of a lake. 
 The extent and timing of glaciations in Tibet is still under debate (e.g., Kuhle, 2003, 2011 
versus, e.g., Owen et al., 2003; Owen, 2009; Heyman et al., 2011). Tibetan glaciations are 
primarily driven by moisture availability and often advanced most during wetter early gla-
cial periods (such as MIS 3, i.e., local LGM; Owen, 2009). CRN-dating of the moraines of the 
A’nyêmaqên Shan, some 70 km southeast of Lake Donggi Cona, indicate a maximum gla-
cial advance during MIS 3, and probably smaller MIS 2 and early Holocene advances (Ow-
en et al., 2003). In contrast, glaciations only occurred until 40 ka in the Bayan Har moun-
tains, 170 km southwest of the lake (Heyman et al., 2011).  
The periglacial component of a Tibetan sediment cascade has been studied mainly on the 
western Tibetan Plateau. Many studies were focused along the Golmud-Lhasa-Highway 
and concerned engineering topics and only few integrating studies are available (Jin et al., 





es, as well as landforms that are connected to permafrost and active layer mixing (e.g., cry-
oturbation, gelifluction, thermokarst evolution). Periglacial processes depend primarily on 
temperature and relief. In the past, permafrost affected sediments over large areas of the 
Tibetan Plateau. Today, the permafrost distribution differs between the western, central and 
eastern part of the plateau, depending on regional climate and relief. The modern lower 
limit of alpine permafrost is at 4000-4050 m and continuous permafrost occurs above 4500 
m a.s.l. in the study area (i.e., A’nyêmaqên Shan, Jin et al., 2007). Mixing from permafrost 
dynamics can be regarded as an important buffer in a sediment cascade, overprinting sedi-
ment post-depositionally. Periglacial processes may even “reduce” the past environmental 
information recorded in sediment archives (Wünnemann et al., 2009).  
Another buffer that can overprint deposited sediment is soil formation. However, only a 
few pedological studies investigated local soil forming processes so far, mainly in relation 
to the Kobresia-grasslands (Kaiser et al., 2007; Miehe et al., 2008), which occur only on wet-
lands of the large alluvial plain east of Lake Donggi Cona. Although in principal all types of 
soil could form at the altitude and under the climate of the Donggi Cona area (K. Kaiser, 
personal communication, June 2012), the soils expected on the dry steppe slopes may main-
ly be of Kastanozem and/or Cambisol character (cf. plot 16 in Miehe et al., 2008). 
Intensification of the local aeolian sediment cycle due to climatic change is mostly associ-
ated with sediment mobilisation in dryer and cooler times, e.g., when sufficient material 
from glacial and periglacial weathering was provided, vegetation cover was reduced, 
and/or when lake levels lowered exposing lake sediments that acted as a sediment source 
(Lehmkuhl and Haselein, 2000; IJmker et al., 2012b). Modern aeolian sediment transport on 
the Tibetan Plateau happens mostly during the winter, when vegetation cover reduces and 
air masses associated with the dry winter monsoon and westerlies prevail (Sun et al., 2002, 
2007; IJmker et al., 2012a, b). However, for at least the last 2000 years (Schlütz and 
Lehmkuhl, 2009; Miehe et al., 2011), the impact of grazing herds owned by Tibetan nomads 
has to be considered as a mechanism for the mobilisation of sediment along the slopes. Tec-
tonic movements may be of minor importance in the aeolian cycle. 
A further important component of a catchment-wide sediment cascade is the fluvial sys-
tem that connects all the components of it. Rivers are the transport medium to distribute the 
large amounts of sediment that are produced by intense frost weathering. Fluvial processes 
are mainly driven by precipitation and relief, with the latter being very prone to alteration 
by tectonic movements. Fluvial processes probably bring most of the water and sediment to 
the lake, especially in large catchments (in contrast to direct precipitation offshore). They 





ers, by meltwater that can generate significant amounts of runoff (e.g., around 40% in the 
Hala Hu catchment, B. Wünnemann, personal communication, July 2012). Incision and the 
formation of fluvial terraces happen when sediment supply and/or runoff is reduced, 
and/or when base level changes (cf. Stokes et al., 2012). Lakes often form the local base lev-
el, so prominent water level changes can also be reflected in fluvial terrace formation.  
On the Tibetan Plateau, as in other mountainous areas of the world, alluvial fan aggrad-
ation is high when sediment produced by glacial and periglacial weathering can be trans-
ported, i.e., during the transitions between dry and wet phases, also depending on tectonic 
uplift phases (Chen et al., 2011). However, the role of precipitation and the timing of terrace 
aggradation and incision is still debated (Pan et al., 2009; Vandenberghe et al. 2011). Periods 
of aggradation have been dated predominantly to the Pleistocene (Lehmkuhl and Haselein, 
2000), whereas incision is often correlated with warmer and moister interglacials (e.g., mid-
Holocene in the Karakorum, Brown et al., 2003). In contrast, Wang et al. (2009) correlated 
terrace formation, i.e., incision along the eastern Kunlun range, with dry periods, whereas 
aggradation took place under phases of high precipitation.  
Lakes form the local depocentre of a catchment-wide sediment cascade (Figure 1.1). 
Hence, they integrate and record most of the sedimentary processes within a catchment, 
often more continuously than terrestrial archives. An overview of the multiple 
palaeoenvironmental proxies lake sediments can provide is given in Cohen (2003), for ex-
ample. At lakes, characteristic littoral land forms (terraces, beach ridges, shorelines, and 
deltas) and sedimentological variations (e.g., grain size fining off-shore) indicate changes in 
the position of the lake level (e.g., Jones and Jordan, 2007; Abu Ghazleh and Kempe, 2009). 
In closed lake systems these variations can be related to changes in the precipitation-
evaporation ratio (Street-Perrott and Harrison, 1985). In open lake systems, 
sedimentological variations and the study of sediment core transects, spanning from the 
shore to the lake centre, provide suitable approaches to infer hydrological variations (Harri-
son and Digerfeldt, 1993), whereas typical littoral landforms are sparse, since a higher water 
input generally increases outflow, rather than the lake level (Jones and Jordan, 2007). Sub-
mersed landforms of littoral genesis can be detected by bathymetric and seismic studies. 
The latter also help to distinguish distorted, faulted or slumped sediment strata (e.g., 
Charlet et al., 2005 for Lake Baikal; Chapter 2.4).  
On the Tibetan Plateau, lake level studies are one of the main tools to investigate past 
hydrological conditions (Yu et al., 2001; Herzschuh, 2006; Wang et al., 2010). According to 
some studies, maximum lake levels were reached at many places on the Tibetan Plateau, 





the monsoon system (e.g., Herzschuh, 2006; Madsen et al., 2008; Liu et al., 2010; Kong et al., 
2011) – though this association is still under debate (especially the extraordinary wet phase 
during MIS 3, Colman et al., 2007). Lake low stands, in contrast, were associated with the 
cool and dry phases of the Pleistocene (e.g., Lister et al., 1991). Further, lake high-stands are 
reported for the early and mid-Holocene (Chapter 4.2.5.2). However, interpretations often 
rely on single lake sediment cores and, therefore, information on local catchment conditions 
(e.g., the presence of glaciers, perennial streams, basin morphology) is often not well dis-
cussed. A study by Wünnemann et al. (2007), conducted in the northern foreland of the Ti-
betan Plateau, yielded considerably different lake status and moisture reconstructions when 
they considered sites with and without any glaciers in their upper catchments, separately. 
Different methods were used to reveal past water level changes at the littoral zone of 
Lake Donggi Cona. Submersed landforms and sediments (Chapter 2) were studied using 
bathymetric and seismic methods. An end-member modelling algorithm (EMMA) was de-
veloped to evaluate the distribution of grain sizes in a robust way using modern lake sur-
face sediments, as well as to study the association between water depth and grain size com-
position (Chapter 3). Fossil high-stand sediments in onshore lake terraces (Chapter 4.1) 
were studied using field stratigraphies and the application of EMMA – including the sug-
gestion of a new proxy for water level changes (EMdiff, Chapter 4.2). The synthesis provides 
a robust reconstruction of water level changes at Lake Donggi Cona for the Late Quaternary 
by considering the lake basin sensitivity, the driving forces of environmental change and 










2. BASIN MORPHOLOGY AND SEISMIC STRATIGRAPHY OF LAKE 
DONGGI CONA  
This chapter appeared as an internationally peer-reviewed research article in the special 
volume of Quaternary International “Climate Evolution and Environmental Response on 
the Tibetan Plateau” in 2010 with the title “Basin morphology and seismic stratigraphy of 
Lake Donggi Cona, north-eastern Tibetan Plateau, China”. 
(http://www.sciencedirect.com/science/article/pii/S1040618209004418).  
ABSTRACT 
Basin morphology and depositional stratigraphy of Lake Donggi Cona on the north-
eastern Tibetan Plateau has been studied with echo depth sounding and shallow seismic 
sub-bottom profiling. The basin is a pull-apart structure situated at the highly active Kun-
lun fault. It is characterised by a 92 m deep graben structure in the western part of the lake 
basin, and a shallow eastern lake part, the latter filled up with fluvial sediments from a 
large alluvial plain. We identified three prominent morphological levels at 24 m, 39 m and 
57 m below present lake level. They were partly created by basin subsidence, while the 
deposition of prograding delta sediments primarily formed the morphological steps. The 
inherited tectonic structures control ongoing neotectonic activity, which seems to have only 
minor influence on present basin morphology. The basin is filled by sediments of at least 30 
m thickness in the depocentre. Three major depositional units can be distinguished. In 
comparison with lithological changes in a sediment core, they give evidence of pronounced 
lake-level fluctuations and dramatic changes in lake volume. An absolute age datum of ~19 
cal ka BP at the base of the sediment core allows a tentative reconstruction of Late Glacial to 
Holocene lake development. A very low base level preceded a time of delta formation dur-
ing higher lake level, i.e. ~26 m lower than present during Last Glacial Maximum, creating a 
lake of only 18 % of its present size. At the transition to Holocene the lake level rose very 
quickly changing to a deep lake environment. Thus, main transgression may have promot-
ed maximum lake stands. 
2.1 INTRODUCTION  
Intramontane lake basins such as the Donggi Cona Basin on the north-eastern Tibetan 
Plateau, China, are believed to be excellent archives for studies on interlinked dynamic pro-
cesses that have influenced environmental changes through time. Most studies of the past 
decade dealt with proxy records from sediment sequences of lakes and other terrestrial de-





Chen et al., 2003; Chen et al., 2001, 2006; Herzschuh et al., 2004; Ji et al., 2005; Peng et al., 
2005; Shen et al., 2005; Wu et al., 2006).  
A key approach is the reconstruction of moisture availability, which evolved regionally 
asynchronous throughout the Holocene and Late Pleistocene (< 50 ka), as available 
palaeoclimate records from Central Asia indicate (e.g. An, 2000; Herzschuh, 2006; 
Wünnemann et al., 2007a; Chen et al., 2008, Hartmann and Wünnemann, 2009). The bound-
ary between westerly and monsoonal air masses, both controlling moisture transport over 
Central China, has fluctuated during Quaternary time, mainly in concert with global cli-
mate shifts driven by insolation and millennial-scale circulation patterns (An, 2000).  
Lake records from the northern foreland of the Tibetan Plateau show that lake-water 
balances are closely linked to changes of the circulation patterns (Wünnemann et al., 2007b, 
Chen et al., 2008), which also affected glacier development on the Tibetan Plateau (Owen, 
2008; Owen et al., 2008). However, water budgets as a result of regional hydrological cycles 
as well as sediment architecture and sediment components in a lake basin strongly depend 
on local catchment characteristics within their tectonic setting and on regional precipitation-
temperature relationships as well (Blais and Kalff, 1995; Holmes et al., 2007).  
Previous palaeoclimate reconstructions based on multi-proxy analyses of lake sediments 
from several sites in Central Asia (e.g. Wünnemann et al., 1998, 2006, 2007a, 2007b, Zhang et 
al., 2000, 2002) indicate that the complex relationship between various climatic and non-
climatic processes (e.g. tectonic or human impact) affecting landscape dynamics induce 
spatially and temporally variable responses of different magnitude and frequency. This has 
not been considered consequently, which might be one reason that reported high-resolution 
palaeoclimate records are rather heterogeneous and partly incomparable. 
To enable the connection between the various information from terrestrial and lacus-
trine archives, spatial and temporal palaeo-environmental information such as path and 
dynamics along the sediment cascade need to be considered. Within a lake, the develop-
ment of its basin morphology is mainly determined by non-climatic processes (e.g. tecton-
ic). However, climatic influences may alter basin development, e.g. by glacial dynamics and 
lake level fluctuations, as well. As lake basins are depocentres for catchment-wide eroded 
and sedimented particles, they integrate terrestrial landscape dynamics and lacustrine pro-
cesses over long periods of time.  
Basin-morphology studies are essential to understand internal lake system dynamics 
such as seasonal temperature variation, water stratification pattern, biological activity and 





and -in combination with seismic stratigraphy- help to decipher the climatic sensitivity of 
specific basins. The application of seismic stratigraphy in lake-basins is well-suited to infer 
the depositional history of glacial and post-glacial sedimentation, lake level fluctuations 
and/or neotectonic impact (Niessen et al., 1999; Colman et al., 2002; D’Agostino et al., 2002; 
Brooks et al., 2005; Anselmetti et al., 2006; Colman, 2006; Hofmann et al., 2006; Beres et al., 
2008; Wagner et al., 2008). However, little is known about basin morphology and the spatial 
distribution of sediments in Tibetan lakes, apart from Qinghai Lake (Lister et al., 1991; 
Henderson et al., 2003; Shen et al., 2005) and Nam Co (Daut et al., this volume). 
With our study at Lake Donggi Cona, we follow a comprehensive geomorphological 
and limnogeological approach to improve our understanding of interlinked dynamic land-
forming processes governed by climatic and non-climatic factors on catchment scale. Here, 
we present hitherto unknown morphological and seismic data from Lake Donggi Cona de-
rived from echo depth sounding and shallow seismic sub-bottom profiling that help to 
identify i) morphological features in the lake basin, ii) spatial sediment architecture and 
causes of its variability, and iii) appropriate locations for representative sediment coring. 
We describe the present basin morphology and general sediment stratigraphy using a bath-
ymetric model and selected seismic key sections. Furthermore, we compare the inferred 
sediment sequences with a sediment core from Lake Donggi Cona and discuss the potential 
range of former lake level fluctuations during the last 20 ka BP. This work is part of a Sino-
German multidisciplinary research program that aims at reconstructing the formation, cli-
mate and ecosystem development on the Tibetan Plateau (http://www.tip.uni-
tuebingen.de/).  
2.2 REGIONAL SETTING  
Lake Donggi Cona, also referred to as Dongxi Co (Van der Woerd et al., 2002) or Tuosu 
Hu (Fu and Awata, 2007), is situated on the northeastern margin of the Tibetan Plateau in 
Qinghai-Province, China (35°18’N, 98°32’E, 4090 m a.s.l., Figure 2.1), northwest and east of 
the A’nyêmaqên and Kunlun mountain ranges, respectively. Lake Donggi Cona belongs to 
a series of pull-apart basins along the Kunlun Fault with the A’nyêmaqên Shan, whose 
peaks exceed 6000 m a.s.l., representing the respective push-up ridge southeast of the lake 
catchment (Van der Woerd et al., 2002; Fu and Awata, 2007).  
The Kunlun Fault accommodates convergence of the ongoing Indo-Asian collision. An 
open question concerns the timing of initiation of its left-lateral strike-slip movement, and 
thus, the origin of Donggi Cona basin, which either started during the Middle to Late Trias-





(Zheng et al., 2000; Wu et al., 2001). There are also uncertainties in regard to mean vertical 
offset and exact slip-rates along the Kunlun Fault and its role in accommodating displace-
ment, especially at its eastern termination (Kirby et al., 2007).  
 
Figure 2.1: Location of Donggi Cona lake basin and its catchment on the north-eastern Tibetan Plat-
eau. Main Kunlun fault after Van der Woerd et al. (2002), minor faults after Geological Map of the 
Qinghai-Xizang (Tibet) Plateau and Adjacent Areas (1:1 500 000; Chengdu Institute of Geology and 
Mineral Resources, China Geological Survey, 1988).  
The main Kunlun Fault intersects the Donggi Cona and its catchment from WNW to 
ESE with an angle of ~N115°E (Figure 2.1). Detailed tectono-geomorphic investigations by 
Van der Woerd et al. (2002) and Fu et al. (2005) along several parts of the fault indicated 
mean neotectonic annual slip rates along the Donggi Cona segment between 98.0° and 
99.5°E to be around 10.3 mm/a. There, the main fault ruptured in the 1937-earthquake with 
M=7.5 between 96°E and 99°E with mean sinistral and vertical offsets of 4.4 to 8.0 m and 0.4 
to 3.5 m at two locations, respectively (Van der Woerd et al., 2000). Recurrence intervals of 
similarly strong earthquakes were estimated to be 420 years (Van der Woerd et al., 2000, 
2002) or 640 years (Li et al., 2005). Other minor faults related to the Kunlun system within 
the Donggi Cona catchment have not been studied in detail, though most of them do not 





Lake Donggi Cona fills the western half of the 60 km long to 20 km wide pull-apart ba-
sin, with a catchment of 3174 km² (Figure 2.1). The northern catchment area consists of dis-
sected series of Early and Middle Triassic lime- and sandstones (Wang et al., 2001; Wang 
and Yang, 2004) faulted against Triassic quartzite and black to green shales. These rifted 
blocks are unconformably overlain by reddish Neogene conglomerates and sandstones 
(similar to those described in Zheng et al., 2000). In the south, the basin is bound by an up-
lifted elongated mountain ridge composed of Middle Permian limestone. The catchment 
area is characterised by high relief gradients in its north and southeast. There, fluvial inci-
sion is forming V-shaped valleys, while lateral moraines and U-shaped valleys, indicating 
former glaciations, are also present, though they did not directly affect the lake basin itself. 
Lower mountains with gently inclining slopes characterise the southern and north-eastern 
catchment.  
The lake is fed by a perennial and some episodic inflows (Figure 2.1). At the northern 
shore the inflows form three major prograding arcuate delta systems. There, the only per-
ennial stream originates from a flat basin connected to Lake Donggi Cona by a transverse 
valley. However, major perennial inflow with varying intra-annual discharge enters the 
lake from the east along two channels (Figure 2.1). A large alluvial plain with very gentle 
slopes forms a bay delta restricted by the steeper northern and southern shore. It drains the 
western A’nyêmaqên Shan and fills this part of the pull-apart basin with fluvial sediments 
conserving various terrace generations. Numerous short episodic inflows encircle the rest of 
the basin with smaller alluvial cones. 
Drainage of the lake is currently directed through an artificial channel at the western 
lake margin towards the endorheic Qaidam Basin, ca. 200 km northwest of the lake. At pre-
sent, outflow is controlled by a gauge station set up during the 1970s. However, morpho-
logical features such as palaeo-shorelines, ancient on-shore terraces, and lake sediments 
exposed above the present lake level can be found in the vicinity of the lake, indicating 
former high lake levels. At present the lake is an oligotrophic, freshwater lake (electrical 
conductivity: 0.635 mS/cm) with oxygen supply down to the lake bottom, a mean pH-value 
of 8.6 and a maximum Secchi depth of 12 m (Mischke et al., 2010a). The lake is frozen from 
November to April (observations since 2006) and did not show a distinct stratification dur-
ing the unfrozen period (three month field trips in 2006 and 2009) due to full circulation. 
Climate is controlled both by the monsoon system and the extra-tropical westerlies, as 
the lake basin is located close to the western limit of the East Asian Summer Monsoon tra-
jectories (Domrös and Peng, 1988; An et al., 2001). Local climate conditions can be deduced 





from 1958-2007, Chinese Central Meteorological Office, 2008). Mean annual precipitation is 
304 mm and mean annual air temperature -4.1°C. Mean relative humidity, relative sunshine 
hours, total pan evaporation and wind velocity are 59%, 61 %, 1375 mm and 3.4 m/s, respec-
tively. At this high elevation site, climate and grazing impact lead to a vegetation of alpine 
meadows and steppes dominated by Kobresia, Artemisia, and Poaceae (Kürschner et al., 
2005). It is well-developed on top of loess-like sediments covering most of the slopes in the 
northern and eastern catchment. While dunes in the eastern part of the large alluvial plain 
are often grown by Salix spec. Frozen ground appears as discontinuous permafrost in the 
flat and water-saturated supralittoral zones around the lake up to around 5 m above the 
present lake level. Permafrost features comprise hummocky land surfaces and the presence 
of small thermokarst depressions, especially along the western part of the large alluvial 
plain. 
2.3 DATA AND METHODS 
Echo depth sounding of 3977 points all over the lake has been carried out in summer 
2006 using a Dual-Beam Garmin fishfinder, coupled with GPS. At the same time, acoustic 
sub-bottom profiling was conducted with a mean boat speed of 5 km/h using a single-
channel GeoPulse 3.5-kHz Profiler system (Geoacoustics) along 16 transects with a total 
length of 144 km (Figure 2.2). Most transects are oriented as cross-sections perpendicular to 
the main WNW to ESE extension of the lake. The seismic trigger rate was 1 s. Acoustic puls-
es allow a penetration of the upper lake sediments down to a maximum of 50 m below the 
lake floor. As far as possible, seismic and echo- sounded depth profiles obtained at the same 
time have been spatially synchronized, though due to some technical problems a GPS-
coupling of the GeoPulse profiles, and thus, an absolute comparison with the echo sound-
ing data was not possible. Raw seismic transducer signals from an 80° x 80° wide acoustic 
cone were recorded on Sony Premium 60P data cartridges with a Sony 4-channel data re-
corder PC204Ax. The raw data were then digitized and converted to the internationally 
common SEGY-format with an analogue-digital converter (EAQ Pad 6052E, 16bit, National 
Instruments) and a converting software written in LabView 7.1 by C. Kopsch (AWI Pots-
dam). Processing was done afterwards using Reflex-Win Version 5.0 by Sandmeier Soft-
ware. Two-way travel times of sound have been transformed to depth assuming a mean 
sound velocity of 1490 m/s in accordance to fresh lake water temperature. Theoretical object 
resolution depends on the signal-to-noise ratio and is assumed to be around 30 cm at most.  
An ordinary kriging approach was applied by ArcGIS 9.2 software to create a bathymet-
ric map using the depth points achieved from echo sounding, a point shape of the present 





Shuttle Radar Topography Mission (SRTM3) heights of the two islands within the lake. This 
method yielded low interpolation errors (RMS of 3.3 m) and turned out to be the most suit-
able interpolation with least artefacts from linear boat transects in comparison to e.g. spline 
interpolation and triangular irregular network (TIN) approaches.  
SRTM elevations were corrected by +6 m to account for the orthometric height of 4090 m 
a.s.l. of the present shoreline as measured by differential GPS in summer 2006. All de-
scribed morphological and sedimentological features are interpreted relative to lake level in 
summer 2006.  
Seismic stratigraphy was determined by mapping seismic reflection changes (uncon-
formities like onlap structures), geometry, and linearity following standardized methods 
(Miall, 1984; Van Wagoner et al., 1990; Catuneanu et al., 2009), which allows a distinction of 
several depositional units throughout the basin. Sigmoidal clinoforms indicating delta sed-
iments and potential vertical fault lines were mapped with special attention, though only 
few transects are presented here (Figure 2.2).  
At a representative site with well-stratified sediments identified from seismic sub-
bottom profiling, sediment coring has been conducted from ice with an UWITEC piston-
corer system in winter 2007 gaining the 4.84 m long sediment core PG1790 (35°20’N, 
98°26’W, 35 m water depth, Figure 2.2). The upper 15 cm got lost by recovering. Seismic 
reflections of the upper lake bottom sediments were generally compared with the lithologic 
characteristics of the core.  
Nine AMS-14C ages derived from bulk organic material (total organic carbon fraction, 
TOC) measured at Poznań Radiocarbon Laboratory are preliminarily presented in Figure 
2.6. They were preliminarily corrected for a potential lake water reservoir effect (modern 
TOC: 1983 years, unpubl. data) and calibrated using CALIB (online version 5.1.beta, 
Reimer, 2004). Thus, tentative age estimation for the upper depositional units could be de-
termined. However, further analyses of the core and still on-going age analysis will be pre-
sented elsewhere.  
2.4 RESULTS 
2.4.1 BASIN MORPHOMETRY 
Lake Donggi Cona shows the typical rhombic shape of a pull-apart basin. The lake basin 
consists of a western and an eastern part (Figure 2.2). The western part includes an asym-





a ca. 30 km², mainly northward inclined lake floor with up to 26° steep slopes at its northern 
rim and southern shore, respectively. North of the graben, the lake floor exhibits relative 
gentle slopes of less than 5° that pass over to the northern and north-western lake shore. 
The eastern part of the lake basin is characterised by a gently west- to northward dipping 
flat lake floor with slopes generally inclined less than 2°. It represents the drowned continu-
ation of the large alluvial plain, which occupies the eastern sub-aerial part of the pull-apart 
basin. The mean present water depth of the eastern part is 38 to 40 m below present lake 
level (b.l.l.; 95% confidence level) (Figure 2.2). The two parts of the lake basin are separated 
by an approximately northeast-southwest striking step including a small arcuate northern 
island and a steeper southern island. There, local compressions seem to mark the basin’s 
accommodation zone (sensu Cohen, 2003).  
 
Figure 2.2: Bathymetry of Lake Donggi Cona from echo depth sounding relative to the lake level in 
2006 bedded in SRTM3-hillshade; seismic transects, site of sediment core PG1790 and longitudinal 
profile at the maximum fetch of the lake basin between A and A’. Seismic transects marked with bold 
lines are presented in Figure 2.4 and 2.5. Suggested faults in red; dashed red line uncertain faults.  
The lake has a surface of 229 km² (excluding the two small islands of 0.4 km²) and a 
maximum WNW to ESE fetch of 32.7 km. The maximum width is 9.5 km in the eastern part 
of the lake. The present shoreline has a length of 94.7 km (Landsat ETM+ 2001, scale 





Hypsometric depth distribution gives a weighted mean depth of 30.3 m with a weighted 
standard deviation of 2.7 m (Figure 2.3). It displays four modes at -39 m, -32 m, -24 m, and -
3 m below lake level (b.l.l.), which represent major morphological levels. These morpholog-
ical levels are visible in the lake bathymetry as well as in seismic profiles. Most prominent 
levels are -24 m and -39 m b.l.l., which are present in the entire lake basin creating sub-
aqueous terraces. The -3 m level represents the continuation of the present flat shores of the 
basin and their submerged platform. An additional level at about -57 m water depth can be 
recognized only in the deeper areas of the western part as displayed in a longitudinal bath-
ymetric and seismic section (Figure 2.2, 2.4B). 
 
Figure 2.3: Relative and cumulated hypsometric depth distribution of Donggi Cona lake basin and 
some descriptive statistic parameters of the relative hypsometric depth distribution. 
2.4.2 FAULT PATTERN 
Major fault lines bound the northern and southern shore of the Donggi Cona basin, re-
spectively, and are already visible in the morphology of the lake basin. Below the lake bot-
tom, fault lines are identified either by distinct morphological steps or slight reflection off-
sets in the seismic images.  
Fault lines are distributed throughout the basin with two major fault lines striking 
WNW to ESE and NW to SE, clearly marking the northern and southern graben rims in the 
western sub-basin, respectively (Figure 2.2). These fault lines converge at the western out-
flow creating the deepest parts of the basin with the southern graben shore representing the 





rates of subsidence and accumulation, as also indicated by the systematic northward deep-
ening of the graben floor along its longitudinal axis. Especially at the northern and western 
margin of the graben, they are accompanied by several step faults (Figure 2.4A). As part of 
the accommodation zone of the basin, we found a fault affecting and partly contorting the 
depositional units by a slight block rotation or sediment compaction (Figure 2.4A, right). 
Faults are also located north and south of the southern island and west of the northern is-
land. Additionally, sediment relocation is prominent along the steep southern shore (Figure 
2.5A) and southern island (not shown).  
However, most faults are only visible in connection to basin morphology and down-
ward from about 5 m below the lake floor. Thus, the upper drape onlaps on most tectonic 
structures like on the step faults at the graben margins as they seem to affect only the low-
ermost sedimentary unit (Figure 2.4, right).  
2.4.3 SEISMO-DEPOSITIONAL UNITS  
In most of the seismic transects three main depositional units can be identified, which 
are assigned as units I to III in ascending stratigraphic order from old to young. At the east-
ern margin of the lake, however, gas appearance masks a lot of the original stratigraphy 
(transects 2, 4; Figures 4B, 5B). Differences in depositional thickness and acoustic reflection 
features mainly depend on their position relative to the basin margins, and vary with the 
dominant morphological levels at -24 m, -39 m, as well as in the graben below around -
43 m. Above around -14 m, there is no sediment penetration due to total acoustic reflection 
at the sediment surface leading to strong amplitude lake-bottom multiples (Figure 2.4, 2.5). 
The characterization of the two upper depositional units (II, III) is aided by the lithological 
information and preliminary age data from sediment core PG1790 that was retrieved at the 
-39 m level in the north-western part of the lake (Figure 2.6).  
UNIT I 
The lowermost visible depositional sequence (Unit I) is present at most of the seismic 
transects throughout the basin and constitutes the main basin infill. It shows a basinward 
prograding clinoform package of relatively low backscatter (low impedance contrasts, Fig-
ure 2.4A, 2.5A). In the eastern part and the northern shore of the lake, Unit I could only ten-
tatively be defined as the lowermost depositional unit. Thus, at the northern lake shore 
more parallel reflections of low impedance contrast grading upwards into distinctly higher 
impedance appear on top of a slightly hummocky reflector and compose an up to 10 m 





-39 m level. However, closer to the depocentre in the western sub-basin some reflection pat-
terns even allow a distinction of two sub-units (Figure 2.4A, 2.5A). Sub-unit Ia consists of 
several stacked sigmoidal features characteristic for prograding delta systems, which are 
marked by slight gradual or abrupt reflection changes (Figure 2.5A). They cannot be identi-
fied throughout the basin and seem to be restricted to the western part of the lake basin. 
Below the -39 m level sub-unit Ia reaches thicknesses of at least 30 m. Sub-unit Ib onlaps on 
sub-unit Ia along the graben margins, where its sediment reaches thicknesses of at least 15 
m. It shows more pronounced prograding reflections and an irregular geometry. Its 
progradation towards the graben seems to be responsible for a steepening of the graben 
margins (Figure 2.5A). Especially at the eastern margin of the graben (transect 1, Figure 
2.4A), sub-unit Ia shows less impedance contrasts and more parallel reflections than sub-
unit Ib. Here, a sigmoidal clinoform wedge is visible in Unit Ib with toplaps at around -
68 m b.l.l. (Figure 2.4A). It creates the morphological step at -57 m b.l.l. in transect 1 and 
may be slightly distorted by fault movement and/or post-depositional sediment compaction 
(Figure 2.4A). Unit Ib thickens towards the graben centre, where it might not be distin-
guished any more from lowermost sub-unit Ia.  
The upper boundary of Unit I has a mainly massive, dark appearance (i.e. strong chang-
es between high and low acoustic impedance) of distinctly higher backscatter and shows 
hummocky and densely spaced reflections of an erosional surface, unconformably truncat-
ing both sub-units everywhere in the basin. However, below -43 m b.l.l. a more parallel re-
flector marks the boundary towards the upper unit (Figure 2.4A, 2.5A).  
An exact estimation of geometry and thickness of Unit I is not possible as reflection 
multiples and diffractions mask its basal reflector. It cannot be further characterised as it 








Figure 2.4: Seismic transects in a West-East-longitudinal profile show several morphological levels, 
depositional units and fault lines interpreted in the lower part. A) Transect 1 is situated at the west-
ern sub-basin. B) Transect 2 (eastern part of the lake) has a slight offset of the starting point towards 






Unit II shows an asymmetric geometry throughout the basin. It could not be distin-
guished in water depth less than 30 m. Below the -39 m level and towards the basin mar-
gins, Unit II displays dark, parallel reflections of high acoustic impedance contrasts. Below 
the -24 m level, reflection clinoforms of low impedance contrast and varying thickness with 
a simple sigmoidal (eastern part and accommodation zone) or sigmoidal-oblique (western 
part) character can be observed (Figure 2.4A, 2.5A). They are interpreted as delta wedges 
with relatively homogenous sediments of up to 16 m thickness. They display more or less 
consistent toplaps at -26 to -29 m b.l.l., lense out towards the shore- and thins basinward 
becoming thicker again in the deepest part of the lake. There, Unit II may reach maximum 
thicknesses of more than 20 m within the depocentre, where a distinct lower boundary is 
not detected (Figure 2.5A). The upper boundary of Unit II within the graben is marked by a 
change to less intense impedance contrasts of the upper Unit III (Figure 2.5A). However, in 
areas shallower than 39 m water depth, a much more intense reflector of high acoustic im-
pedance shows a sharp boundary towards Unit III. We suggest a drastic change in the dep-
ositional environment from prograding to hemipelagic sedimentation in a rapidly rising 
water body. Thus, the Unit II-III boundary can be interpreted in terms of a maximum flood-
ing surface (MFS). No truncation of Unit II is recognizable, except in areas shallower than 
30 m water depth, where Unit II thins out and Unit I appears to be overlain unconformably 
by Unit III (Figure 2.4B, 2.5B). At the -39 m level, the top of Unit II has been recovered by 
PG1790 core and consists of unlaminated, silty-sand (Figure 2.6). According to the basal age 
of the sediment core, the upper part of Unit II has a preliminary age of ~19 cal ka BP. 
UNIT III 
The uppermost Unit III drapes the lower units everywhere in the Donggi Cona basin 
onlapping at the basin margins at least from a depth of ca. 14 m b.l.l. This unit displays a 
more or less constant thickness of 5 m throughout the basin. It shows slightly thicker depos-
its in the graben, where it consists of a relatively homogenous and parallel reflection se-
quence of low impedance contrasts (Figure 2.5A). Above 24 m water depth, Unit III shows a 
relatively diffuse low-frequent reflection pattern. It grades upwards into parallel reflections 
of very little impedance contrast along the -39 m level. There, Unit III consists of silty-sandy 
to silty-clayey laminae with higher carbonate contents in the upper parts (Figure 2.6). Unit 
III is of Late Pleistocene and Holocene age (Figure 2.6). A sharp, very intense, i.e. high-
amplitude reflection change masking the uppermost meter of sediment marks the sedi-







Figure 2.5: North-south seismic transects show several morphological levels and depositional units 
of varying thickness, as well as major fault lines. A) Transect 3 (western sub-basin) shows location of 






At the eastern margin of the lake, where the large alluvial plain enters the lake, patches 
with higher penetration into partly distorted reflections showed only parts of the deposi-
tional stratigraphy (Figure 2.4B, 2.5B). There, some distorted reflections in lowermost Unit I 
may be attributed to the presence of coarser material or further secondary sequence bound-
aries. However, most of the stratigraphy is masked by gas, which creates acoustic diffrac-
tion and strong backscatter at or near the sediment surface.  
2.5 BASIN AND LAKE DEVELOPMENT  
2.5.1 TECTONIC BASIN STRUCTURES 
Donggi Cona basin is an old, potentially Late Cenozoic pull-apart basin with inherited 
structures, which formed since strike-slip movement of the Kunlun Fault started. The 
graben structure in the western sub-basin is bounded by a major WNW to ESE striking 
fault. However, the continuation of the main branch of the Kunlun Fault remains undetect-
ed in the data presented here. In particular along the seismic transect 3 (Figure 2.5A), there 
is no clear evidence for the location of the main branch of the fault, because the steep WNW 
to ESE oriented flank separating the basin into a shallow northern and deep southern part is 
largely of sedimentary origin formed by prograding deltaic deposits. However, it seems 
reasonable to assume that this up to 52 m high flank was further oversteepened by 
synsedimentary strike slip movement and deepening of the graben. A secondary branch 
striking NW to SE bounds the southern steep shore and graben margin of the lake. Thus, a 
potential bifurcation of the Kunlun Fault at the lake’s outflow opens the space for 
synsedimentary graben subsidence creating a partly stepped morphological height differ-
ence. Thus, subsidence alters relative base levels and together with sedimentation and hy-
drological changes, it is documented by the prominent morphological level at -39 m b.l.l. 
(Figure 2.4, 2.5A). A phase of high subsidence along the Kunlun fault might have triggered 
the formation of thick stacked prograding clinoform packages below this level (Unit I). 
The two fault branches continue along the eastern part of the lake and clearly mark the 
northern and southern basin margins, as suggested by Van der Woerd et al. (2002) and Fu 
and Awata (2007). The southern branch also borders the southern margins of the southern 
limestone island. Off the island’s northern shore the presence of a further fault suggests an 
island origin as a small-scale pressure ridge within the accommodation zone. The northern 
island seems to mark the continuation of the major graben fault towards the northern shore 
of the eastern part of the lake, though clear evidences for this could not be found in our 
study. As the island is composed of probably uplifted fluvial sediments, we suggest a for-






Figure 2.6: Characteristics of seismo-depositional units compared to PG1790 core lithology. Prelimi-
nary ages result from AMS-14C dating of TOC, corrected for a potential reservoir effect of 1983 years 
(unpublished data). 
However, most tectonic structures, especially vertical faults like the step faults along the 
graben margins, as well as the tectonically altered depositional Unit I are covered now by a 
soft sedimentary drape, ranging in thickness between 6 m and more than 10 m. Thus, active 
neotectonic modification by ongoing lateral movement with its slight vertical offsets (Van 
der Woerd et al., 2002) is not detectable as a strong impact on present basin morphology 
within the resolvable sediment infill. If supporting evidences are present, they either cannot 
be detected by our seismic data, or might be even masked by the thick sediment fill of the 
basin. A minor neotectonic vertical displacement seems to occur along the accommodation 
zone, where we found a fault, which seems to affect also Unit II and III (Figure 2.4A, right). 
This structure, however, can also be interpreted as sediment compaction and accommoda-
tion along this tectonic hinge.  
2.5.2 ORIGIN OF DEPOSITIONAL UNITS 
In addition to tectonic processes, basin morphology has been principally shaped by sed-
imentary processes that were linked to lake level fluctuations and created distinct deposi-
tional features. This non-tectonic influence is well documented, e.g. by fossil delta wedges 
and shore-terraces, which form remarkable morphological steps, along the present shore-





The geometry of the recognized depositional units from shallow to deep water (Figure 
2.5) allows a genetic interpretation on the basis of standard seismic sequence stratigraphy in 
sedimentary basins (Catuneanu et al., 2009). Additionally, three indicative sequence bound-
aries and stratigraphic surfaces could be distinguished at Donggi Cona basin: a more tenta-
tive downlap boundary within Unit I (Ia/Ib), a very distinct erosional surface (ES) truncat-
ing Unit I and a distinct MFS between Unit II and III. Thus in total, we derive a minimum of 
five process units of sediment accumulation and erosion. Therefore, we principally divided 
our seismo-depositional units and their respective upper sequence boundaries into high 
stand systems tracts (HST) and low stand systems tracts (LST) relative to the present lake 
level (Figure 2.7). Thus, geometrically more symmetric HST show the same thickness all 
over the lake basin, thinning out and onlapping at the present shores like Unit III. In con-
trast, during times of low lake stands and low sediment supply from the catchment, sedi-
ments of the shallow areas have been completely or partially eroded and/or sub-aerially 
exposed, leaving typical hummocky reflection surfaces in the shallow areas (sequence 
boundaries Unit I/II and I/III). However, correlative deposits in the graben could not be 
distinguished. Additionally, alluvial fan deltas and their correlative sediments prograded 
towards a lower base level (prograding low stand systems tracts; LST-P), when enough sed-
iment was supplied in a slightly rising water body. They are recognised as sigmoidal to 
sigmoidal-oblique clinoforms with asymmetric geometry as visible in the depositional Units 
II and Ib. Former shoreline altitudes can be derived from the toplaps of the prograding 
clinoforms (Catuneanu et al., 2009) except for Unit Ia, which consisted of several stacked 
clinoforms missing clearly identifiable toplaps. Two different clinoform types could be 
traced at Donggi Cona. The sigmoidal-oblique clinoform reflects the steep, concave foreset 
beds of a Gilbert-type delta (Figure 2.5A), which has formed due to a density contrast be-
tween hyperpycnal inflow and the lake water, leading to an instantaneous separation of 
coarse and fine river load, either by a high suspension load or strong water temperature 
differences, both expected from melt water during glacial times. Another delta type with 
simple clinoforms as in Unit Ib (Figure 2.4A) represents a typical prograding alluvial fan 
delta system similar to those being formed at present, whose inflow channels have more 
graded fluvial profiles close to equilibrium, especially at the eastern inflow. 
Additional information is provided by the internal structures of the seismo-depositional 
units and their characteristic acoustic impedance, which mainly depends on bulk density. 
From the lithological comparison with sediments of core PG1790 we propose acoustic im-
pedance at Donggi Cona may be related to grain size distribution, with high impedance 
indicating sand rich sediments like in the thinner sections of Unit II. The increased sand 





tem would bring coarser material to the PG1790 core location at the -39 m level causing the 
slightly higher impedance contrasts. Within the graben, along its walls and the steeper 
southern lake shores, higher impedance may also result from intense syn-sedimentary 
compaction and/or relocation of sediment (e.g. Unit II and upper parts of Unit Ib). The high 
impedance of the uppermost part of Unit III results from unconsolidated soft mud at the 
sediment-water interface. 
In contrast, low acoustic impedance as in Unit III and the draping geometry of Unit III 
result from hemipelagic to pelagic environments during higher than present lake stands. In 
such settings mainly silty to clayey material settles down as is found in sediment core 
PG1790. However, lithological changes within the upper 4.5 m of the sediment core suggest 
several changes in the depositional environment during the Holocene, which are not de-
tectable in the seismic profiles. The nature of these changes has to be evaluated by ongoing 
sediment-core analysis. Low impedance contrasts show also the probably finer grained melt 
water sediments within the Gilbert delta systems. Additionally, erosion and reworking 
along steep slopes towards the depocentre lead to thick accumulation of porous fine-
grained sediments of low density.  
At the eastern lake margin, a typical prodeltaic reflection pattern suggests the continua-
tion of the large alluvial plain, though gas in sediments prevents a further characterization 
in places (Figure 2.5B). The biogenic gas production may be related to drowned peatland 
along the large alluvial plain, which developed during a time of lower lake levels. Howev-
er, within the undisturbed parts an alternation between homogenous fine sediments (i.e. 
little impedance contrast), and darker, probably coarser material may also reflect sub-
merged channelling or even subaerial erosion. 
2.5.3 DEPOSITIONAL HISTORY AND LAKE LEVEL FLUCTUATIONS 
Although the estimation of mean sedimentation rates and determination of the exact 
timing of environmental changes is hindered by poor age constraints, a synoptic view on 
seismic stratigraphy and lithological changes in sediment core PG1790 allows a tentative 
inference of lake history. In comparison with findings from nearby lakes, our interpretation 
provides a first trend of late Quaternary lake dynamics on the north-eastern Tibetan Plat-
eau.  
As the vertical neotectonic impact can be considered as relatively low, the morphologi-
cal levels of the Lake Donggi Cona basin likely indicate substantial variations in lake level 





cumferences of sub-aqueous levels described above, estimated changes of the lake area and 
minimum volume through time are presented in Figure (2.7). A possible range of volumes 
was calculated without the volume of the uppermost 4 to 6 m thick drape of Unit III. A min-
imum volume is given for the oldest units, which carry more sedimentary drape than that 
of Unit III, excluding the temporal and spatial impact of tectonically induced subsidence, as 
this impact cannot be calculated yet.  
 
Figure 2.7: Interpretation of seismo-depositional units as high stand systems tracts (HST), low stand 
systems tracts (LST), and low stand systems tracts with prograding deltas (LST-P) as well as deduc-
tion of lake levels below present lake level (b.l.l.), and their respective volume (without Holocene 
high stand drape of 4 to 6 m). ES (erosional surface) and MFS (maximum flooding surface) are the 
main sequence boundaries. 
During early basin development, Unit I has filled most of the basin with prograding del-
ta sediments in a more or less continuously regressing, low lake level, probably associated 
with subsidence along the Kunlun fault. The toplaps depth of the delta and prograding low 





that Donggi Cona desiccated down to at least -68 m b.l.l. (i.e. -57 m morphological level, 
Unit Ib, Figure 2.4A). Due to missing sediment core data a time period cannot be estimated 
for this very low lake stand with a minimum lake volume of only 4 % of the present vol-
ume, thus, indicating a desiccated eastern part of the lake (Figure 2.7).  
Later, Unit I has been truncated in a time of a pronounced lake level fall below the -39 m 
level, as its erosional upper boundary suggests. This truncation might have been of very 
high and/or long lasting intensity and due to either relative, i.e. subsidence induced, and/or 
absolute lake level changes (Figure 2.5A).  
Afterwards, Unit II deposited during a time of stable, slow lake level rise to at least -29 
m b.l.l., as toplap heights of its delta wedges suggest. High carrying capacities along the 
north-western and western shore of Donggi Cona may have promoted the progradation of 
the large Gilbert-type deltas. This kind of glacial influence or connection to intense 
hyperpycnal melt water fluxes could not be found along the eastern part of the lake basin. 
The inflows there drain generally lower mountain ranges without morphological evidence 
of near-shore past glaciation. Thus, only simple fluvial deltas without steep foreset beds 
prograded there towards the lower lake stand. A special case may be found in the large 
alluvial plain entering the lake from the east and draining the formerly glaciated 
A’nyêmaqên Shan with probably higher sedimentation rates. However, the respective de-
posits are masked by gas and could not be described in further detail. At this time, the lake 
may have reached around the half of its present area and volume (Figure 2.7).  
From PG1790 we assume a preliminary age for this lake stand of ~19 cal ka BP, suggest-
ing a time of delta formation during the Last Glacial Maximum (LGM), though still with 
lower than present lake level. This is in general accordance with low lake level stands at the 
Tibetan Plateau during this time, where generally cold and dry conditions between the 
global LGM (ca. 21 cal ka BP) and its termination at ca. 14 cal ka BP (e.g. Wünnemann et al., 
1998, 2007b, Herzschuh, 2006) would have caused water to be bounded in a glacial envi-
ronment causing relatively low run off and sedimentation (Herzschuh, 2006; Mischke et al., 
2008). However, a striking explanation of the much lower lake stands and apparently no 
further higher lake stand before LGM is still missing. 
After the LGM, we propose a rapid, continuous lake level rise leading to the formation 
of the MFS and Unit III. This assumption is in accordance with increasing lake levels in oth-
er regions of the Tibetan Plateau, though timing seemed to be asynchronous (e.g. Lehmkuhl 
and Haselein, 2000; Mischke et al., 2008; Schütt et al., 2008). Thus, more moisture became 





global warming and/or higher insolation on the Tibetan Plateau. This created a widely ex-
tended pelagic environment in the lake dominated by slow settling down of carbonate pre-
cipitates, aeolian dust, suspended detrital clay, and the biogenic remains of aquatic algae 
and plants, zooplankton and benthos, and allochtonous pollen in variable amounts. Chang-
es in environmental conditions and potential short-term lake level fluctuations caused the 
sedimentation differences as reflected in the sediment core. 
This lake level history is in general accordance with lake level reconstructions at various 
sites with lower than present Late Glacial and high Holocene lake levels (Lehmkuhl and 
Haselein, 2000; Mischke et al., 2008; Schütt et al., 2008), especially at the north-eastern Tibet-
an Plateau like at the nearby Lake Koucha (Mischke et al., 2008; Herzschuh et al., 2009). 
North of Donggi Cona, already Lister et al. (1991) found seismic evidences for rising lake 
levels and intensification of the East Asian Monsoon during early Holocene at Lake Qing-
hai. Furthermore, we find littoral terraces and on-shore palaeo-shorelines indicative of 
higher than present lake levels suggested to have been developed during Holocene.  
However, the currently not further resolved and somehow contradictive lake level and 
sedimentation history of the deeper sediment sequences may be partly related to the chro-
nology presented here. With radiocarbon measurements on bulk organic matter, an overes-
timation of the TOC 14C-ages is likely due to contamination of aquatic carbon with older 
terrestrial organic matter washed into the lake. Thus, we can present only preliminary and 
maximum ages in Figure 2.6, which could be far too old, when considering erosion in the 
catchment at times of lower base levels. Thus, our data do not exclude a slightly other lake 
level history with very low lake levels (Unit I) during LGM (and older), while delta for-
mation at slightly higher lake level (Unit II) might have been a response to deglaciation at 
the Pleistocene/Holocene transition followed by a high-stand phase during the Holocene 
(Unit III). Further investigation of longer sediment cores and better age control is needed. 
2.6 CONCLUSIONS AND OUTLOOK 
Basin morphology and the depositional stratigraphy of Donggi Cona lake basin provide 
useful and spatially connected information on basin development and sedimentation at a 
highly active Tibetan fault and in a region influenced by the East Asian Monsoon system. 
The morphological configuration is determined by old tectonical and depositional struc-
tures, though ongoing neotectonic activity could not be identified as main factor altering 
basin morphology at present. Principally, basin morphology is altered by the covering sed-
iments of up to 20 m thickness at the lake margins and more than 30 m in the deeper parts 





characterised by sediment cores, is determined by sedimentation of terrestrial and lacus-
trine material, which is a function of basin morphology and lake level alternations. Thus, 
several morphological levels are created by high and low stand systems tracts, the latter 
including prograding delta wedges and erosional surfaces, suggesting strongly fluctuating 
lake levels during Late Quaternary over more than 57 m.  
Further analysis of sediment core PG1790 and new core data from other representative 
sites of the lake identified to consist of well-stratified sediments will help to specify these 
general trends and enable a characterisation of deeper sediments and determination of the 
pre-LGM basin evolution. Further extension of the seismic sub-bottom profiling (i.e. deeper 
surveys) may allow a more detailed mapping of sediment architecture and fault pattern.  
However, to resolve the Holocene lake level history quantitatively and in more detail, 
the on-shore palaeo-shorelines and littoral terraces around the lake resulting from higher 
lake levels need to be investigated. Additionally, palaeoenvironmental, i.e. glacial, fluvial, 
and aeolian archives will provide further evidence for the interrelated landscape and lake 
system dynamics on the north-eastern Tibetan Plateau during Late Quaternary.  
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3. AN END-MEMBER ALGORITHM FOR THE DECOMPOSITION OF 
GRAIN-SIZE DISTRIBUTIONS  
 This chapter appeared as an internationally peer-reviewed research article in the Sedi-
mentary Geology in 2010 with the title “An end-member algorithm for deciphering modern 
detrital processes from lake sediments of Lake Donggi Cona, NE Tibetan Plateau, China”. 
(http://www.sciencedirect.com/science/article/pii/S003707381100265X).  
ABSTRACT 
Deciphering significant sedimentological processes from a set of sediment samples is an 
important step in reconstructing environmental changes. One approach going beyond clas-
sical methods is the unmixing of grain-size distributions. This paper presents a flexible end-
member modelling algorithm that is based on eigenspace analysis and considers inherent 
uncertainties. It has been applied to the detrital grain-size components of lacustrine surface 
sediment samples of Lake Donggi Cona, Qinghai Province, China. It allows up to five grain-
size end-members to be characterised and quantified in an optimal model. An end-member 
with a major mode in the clay domain accounts for 34 % of variance within the grain-size 
data set. It may represent sedimentation of suspension load from linear and laminar runoff 
during heavy precipitation events in summer. Three end-members in the fine sand to me-
dium silt domains make up 60 % of lacustrine sedimentation. They may represent local to 
remote aeolian processes that peak in wintertime. A multimodal end-member explaining 
the remaining 6 % of variance may represent further fluvial and littoral dynamics or ran-
dom fluctuations and measurement errors. Several model runs of different scaling and 
numbers of end-members provided a suitable way to determine uncertainties inherent to 
the model. A comparison of 12 different model runs and their respective uncertainties 
yielded a distinct model of robust end-members. The clay and medium silt end-members 
are robust features of detrital sedimentation within Lake Donggi Cona. They alone explain 
54.4 % of total variance in the data. However, no spatial pattern or relation to water depth is 
found for any of the grain-size end-members. Thus, when past detrital sedimentation at 
Lake Donggi Cona is reconstructed, a special focus should be on the robust features at-
tributed to aeolian and suspension-related sedimentation processes as well as on effective 
sediment mixing processes impeding a distinct correlation between grain size and spatial 
attributes. Further applications of the end-member modelling algorithm to other deposi-







Sediment archives are well suited to study past climatic change, tectonic processes and 
human impact, though in most cases sediment properties cannot be related to one of these 
external signal providers alone. An important precondition for extracting signals from sed-
iments and for further reconstruction of signal-related process parameters back in time is to 
study the modern spatial variation of sediment parameters within a known setting of exter-
nal signal providers (climate, tectonics, human impact) and to test methodological concepts 
for evaluating these patterns (Folk and Ward, 1957; Diekmann and Kuhn, 1999; Orpin and 
Woolfe, 1999; McLaren et al., 2007). 
The observable archive properties are a result of multiple process interactions. Depend-
ing on the geomorphologic inventory, climatic signals (i.e. changes in temperature and pre-
cipitation) in sediments are buffered during and after deposition. Hence, physical and bio-
logical processes leave a complex fingerprint in sediments, resulting in correlations between 
observed sediment parameters. For example, downstream sediment transport is influenced 
by grain-size ranges in the source area, sediment supply and runoff, while coarser grain 
sizes within a lake may also be related to a drop in lake level. When sediments of different 
sources and transport processes are deposited in a sediment sink, they become mixed, e.g. 
by simultaneous deposition, (bio)turbation, or even by sampling of originally homogeneous 
layers. Evaluation of this mixture gives a first hint of the main driving forces and directions 
in sedimentation. Consequently, single archive properties alone are not sufficient to deci-
pher process-related information, whereas correlated properties need to be “unmixed”. 
Hence, consideration of concept-, method- and scale-dependent uncertainties is crucial as 
they result in random fluctuations (Hartmann, 2007).  
For describing sediment properties and underlying geomorphological, sedimentological 
or hydrological processes an almost infinite number of variables is possible. However, often 
only a limited number of properties – mostly physical (e.g. grain-size distribution), geo-
chemical (e.g. mineral composition) and biological (e.g. pollen content) variables – can be 
measured. The aforementioned variables principally belong to the group of compositional 
data, i.e. they are nonnegative and sum to a constant (e.g. 100%; Aitchison, 1986; Kucera 
and Malmgren, 1998; Buccianti et al., 2006). They are mostly expressed as proportions, and 
a residual variable should be considered for incomplete representations. As a special prop-
erty of compositional data, (d-1) variables of the full d-dimensional data set are needed to 
completely describe the whole data (simplex) space. Aitchison (1986) provided first com-
prehensive approaches to deal with such data and proposed logratio-transformations to 





From a mathematical point of view, many methods provide productive ways to identify 
different signal-related processes and pathways from compositional data (Arhonditsis et. 
al., 2006; Dechert and O’Donnell, 2006; Christensen and Arora, 2007; Blanchet et al., 2008; 
Filzmoser et al., 2009). Multivariate statistics provide a popular ensemble of techniques 
based on concepts of eigenspace analysis for the extraction of palaeoclimatic and 
palaeohydrological proxies representative for geomorphological, sedimentological and oth-
er processes.  
The most common representative is principal component analysis (PCA). PCA seeks the 
best way to describe the data in a low-dimensional linear subspace and, thus, provides a 
simple explorative-descriptive way to reduce dimensionality. The directions of pairwise 
orthogonal principal components (PCs) are given by the eigenvectors of the correlation ma-
trix associated with the observed data; their variances derive from the associated eigenval-
ues. The sizes of the eigenvalues determine a hierarchical order of PCs regarding the 
amount of variance they capture. Hence, the first PC captures the direction of the highest 
amount of variance in a data set. Subsequently, all succeeding PCs capture the remaining 
variance and are orthogonal to (and hence independent of) each other (Reyment and 
Jöreskog, 1993). The orthogonal data transformation together with a suitable model of the 
errors allows discriminating PCs containing actual signal and statistical noise. However, a 
process-based explanation of the data structure is usually not possible.  
By contrast, factor analysis (FA) aims to explain the observed data structure with a few 
linearly independent factors (the first eigenvectors), which are sometimes called “latent 
variables” (Reyment and Jöreskog, 1993). Not all variability is explained by the factors. FA 
can be used on a reduced data set (e.g. after a PCA) to consider only the supposed “signal” 
part of the data space. The factors are optimised, e.g. by a rotation of their low-dimensional 
orthogonal subspace. The optimisation avoids shortening of curved data clouds as known 
from PCA, facilitates interpretation of factors, and distributes variability more uniformly 
compared to the PCs.  
Factors are often abstract and not directly comparable to the scales of the original data. 
That makes it difficult to interpret them in the context of underlying processes or sources. 
End-member analysis is based on principles of PCA and FA, but aims to provide a genet-
ically meaningful data decomposition. Different scaling procedures ensure the composi-
tional data constraints and characteristic features of the original data set to derive quantita-
tive and geoscientifically meaningful end-members (i.e. unit and scale according to original 
data; see review in Weltje, 1997). After Weltje (1997), end-members “represent a series of 





being analyzed”. Mathematically, an end-member may be defined as either a concrete or an 
idealised population of one or more variables showing a characteristic frequency distribu-
tion.  
Eigenspace analysis can be combined with other multivariate statistical methods, e.g. 
with common analyses of the covariance structure such as the calculation of correlation 
coefficient r (or coefficient of determination r²). They are popular for geoscientific questions 
(e.g. Papatheodorou et al., 2006) despite problems with compositional data, which may 
cause “spurious” results (Aitchison, 1986; Jackson and Somers, 1991; Filzmoser and Hron, 
2009). 
In this study, we present an algorithm of end-member modelling analysis (EMMA) 
based on PCA, factor rotation, variable data scaling and a nonnegative least-square estima-
tion to derive previously unknown, geoscientifically meaningful end-members. Subse-
quently, our method is applied to measured grain-size distributions of lacustrine surface 
samples from a Tibetan lake as a representative sediment archive. Redundancy in a large set 
of measured grain-size classes is reduced, and the signal-to-noise ratio is quantified under 
consideration of the compositional data constraints. An optimal end-member model and the 
most robust signals within the grain-size distributions are derived from an ensemble of dif-
ferent end-member models. They allow a quantitative estimation of dominant detrital pro-
cesses within the lake during modern times and an objective consideration of method-
specific uncertainties. A flow chart and a MATLAB implementation of our algorithm are 
provided as an Online Supplement (Appendix 9.1). 
3.2 BACKGROUND OF END-MEMBER MODELLING ANALYSIS  
3.2.1 MATHEMATICAL CONCEPT OF EIGENSPACE ANALYSIS 
In the following, we review the basic concepts of eigenspace analysis used in end-
member modelling. A further compilation of the mathematical background of eigenspace 
analyses can be found in Reyment and Jöreskog (1993).  
Let a matrix Xij contain original data of i = 1, ..., m observations (rows) concerning j = 1, 
..., n measured variables (columns), e.g. sediment parameters. Observations can be samples 
from a record (in depth or time) or sites (in space). In multivariate statistics, an eigenspace 
is typically spanned by the eigenvectors vi of a similarity matrix A with the associated ei-
genvalues λi as linear combinations with a similarity matrix A: 





The similarity matrix A can be e.g. a correlation or covariance matrix of X (Filzmoser et 
al., 2009), the minor product matrix A = XT * X or the major product matrix A = X * XT 
(Miesch, 1980; Weltje, 1997). Matrix V contains the eigenvector (or PC) loadings, which rep-
resent the coefficients of an abstract, independent eigenvector from an input variable (i.e. 
the composition of the eigenvector). The smaller the angle between an eigenvector and a 
variable, the stronger the correlation between them. The contribution of each eigenvector vi 
to the variance of the total variable space can be determined from the eigenvalue λi. The 
dimension of the eigenspace equals the number of measured variables. There are different 
ways to calculate matrices V from X and to extract the eigenspace: a) from a similarity ma-
trix A (see above), b) by singular value decomposition (Renner et al., 1997 for geochemical 
data), and c) in a multiple way if different blocks of variables exist (Stanimirova et al., 2005).  
In PCA and EMMA, the original data X is predicted with a linear mixing model (Weltje, 
1997):  
X = M * VT  (2). 
 It describes a linear combination of the loading matrix Vjj of j eigenvectors (or PCs) vj 
(for j = 1, …, n variables) and the proportion matrix Mij of i = 1, ..., m observations concern-
ing the j = 1, ..., n eigenvectors. Matrix M contains the eigenvector scores, i.e. the propor-
tions of the compositions of an eigenvector in sample space. It is determined from the in-
version of equation (2): 
M = X * V  (3). 
In most cases, not all variance within the original data set can be explained within the 
eigenspace (i.e. dimension reduction). Thus, only a few eigenvectors q (with q < n) explain-
ing the highest proportion of variability in X are used (i.e. the “signal portion”). Then, X can 
no longer be predicted completely by the mixing model and is divided into a mixture ma-
trix X'ij and an absolute error matrix Eij: 
X' = M * VT  (4) 
E = X - X'   (5) 
The error matrix E remains an uncertainty representing the “noise portion” or “non-
systematic contributions” (Weltje, 1997). There are difficulties to determine the statistical 
properties of E, when dealing with compositional data – a problem that could not be solved 
until now. Hence, the relative error as determined from the correlation matrix of X and X' 





Following the ideas of factor analysis, we suggest that a rotation of the axes of matrix V 
can simplify the structure of the eigenvectors. Then, no order exists between the eigenvec-
tors, and the loadings are distributed more evenly – a condition often used to decipher nat-
ural processes. This minimises the range of the mixing coefficients, which do not cover the 
entire mixing space compared to a standard PCA. However, the factors will be more ex-
treme in general and deviate more from the original observations. Several criteria exist to 
decide how many factors should be used, though there is no satisfactory conclusive criteri-
on yet. For instance, the criterion of Guttman (1954) takes all eigenvectors with eigenvalues 
λi > 1. Others use as many factors as needed to explain more than 95% of the cumulative 
variance (Reyment and Jöreskog, 1993).  
3.2.2 APPLICATION OF EIGENSPACE ANALYSIS IN ENVIRONMENTAL RE-
SEARCH 
In a palaeoenvironmental and very ideal sense, an eigenspace is an attribute space of in-
terrelated processes or sources recorded in a geo-archive. The axes (i.e. eigenvectors, vi) of 
this space are the underlying processes or sources as linear combinations of measured sed-
iment properties. To “unmix” processes or sources from the properties of sediment ar-
chives, factor analysis (e.g. Hartmann and Wünnemann, 2009) and end-member analysis 
(e.g. Weltje and Prins, 2003; Weltje and Prins, 2007) can be used.  
In mineralogy, petrology, geochemistry and provenance studies, factor analysis has 
been applied to a variety of fields since the 1960s (e.g. Klovan, 1966; Solohub and Klovan, 
1970; Zimmerman and Owen, 1990; Reyment and Jöreskog, 1993; Reimann et al., 2002; Juliá 
and Luque, 2006; Filzmoser et al., 2009).  
As stated above, end-members represent the sources involved and underlying processes 
more directly than factors. With regard to the geochemical components of pure rock, for 
instance, this rock can be regarded as an end-member described by its geochemical finger-
print. Unmixing the geochemical compositions of sediment samples allows the derivation 
of the original rock sources, a major topic of classical provenance and fingerprinting studies 
(Walling, 2005; Garzanti et al., 2009; Collins et al., 2010). Similarly, the grain-size distribu-
tion of recently transported sediment, which has been collected from sites obviously domi-
nated by a single sedimentation process, is representative for the site and its typical process 
regime (Folk and Ward, 1957; McManus, 1988). This is a basic assumption in all types of 
grain-size analyses (e.g. in sediment trend analysis: McLaren et al., 2007).  
To characterise depositional environments, the idea of end-members is statistically more 





ples in the sense of Krumbein (1936), Folk and Ward (1957) and McManus (1988) (see dis-
cussion in Flemming, 2007). Though Folk and Ward (1957) already identified the mixing 
processes and manually decomposed the grain-size distributions of sediment samples from 
the Brazos River bar into different populations, the method of moments meets with difficul-
ties when confronted with multi-modal distributions, which are common in natural sedi-
ments (see review in Hartmann, 2007). Typical process-related sediments should rather be 
described by a grain-size distribution with a limited range of possible distribution shapes. 
Some approaches suggest that it can be approximated by fitting individual grain-size dis-
tributions with theoretical functions (Sun et al., 2002; Bartholdy et al., 2007). For this pur-
pose, theoretical functions are selected with prior knowledge of natural end-members 
(Orpin and Woolfe, 1999; Flemming, 2007). However, an end-member is an idealised grain-
size distribution, which is not necessarily of unimodal shape. As theoretical background for 
the statistical end-members, Weltje and Prins (2003) introduced the concept of dynamic 
grain size populations, which are subject to mixing during sediment production and dis-
persal. EMMA uses all available sediment samples from a mixture in space or within an 
archive to identify the respective, previously unknown end-members and their contribu-
tions to the final archive. This idea is considered to be one of the most promising ways of 
analysing multi-modal depositional processes from grain-size distributions (Flemming, 
2007).  
Technically, different types of EMMA are common in several fields of geosciences. In 
remote sensing, for example, EMMA is called spectral mixing analysis (SMA) and has been 
applied in the field of passive optical remote sensing associated with the mapping of all 
kinds of land cover changes (Song, 2005; Robichaud et al., 2007; Sonnentag et al., 2007). In 
hydrology, an end-member algorithm by Christophersen et al. (1990) helped to distinguish 
hydrological flow paths from soil water chemistry (Burns et al., 2001; Bernal et al., 2006).  
In sedimentology, integrative FORTRAN algorithms for the interpretation of geochemi-
cal and grain-size data were designed by Renner et al. (1989, cited in Renner et al., 1997) 
and Weltje (1997), respectively. Evaluations of their algorithms have been provided by 
modelling of artificial and extreme compositions (Renner, 1995, 1996; Weltje and Prins, 
2007). They unmixed source end-members from the geochemical composition of marine 
sediments (Renner et al., 1997; Renner et al., 1998; Szefer et al., 2009) or quantified mainly 
aeolian and fluvial components mixed in the oceans from grain-size distributions of marine 
sediments (Weltje and Prins, 2003; Holz et al., 2007; Prins et al., 2007; Wan et al., 2007; 






3.3 GEOGRAPHICAL SETTING 
Lake Donggi Cona, also referred to as Dongxi Co or Tuosu Hu, is situated at the north-
eastern margin of the Tibetan Plateau in Qinghai Province, China (35°18’N, 98°32’E, 4090 m 
a.s.l., Figure 3.1), northwest of the A’nyêmaqên and east of the Kunlun mountain ranges. 
The summer climate is wet and warm, controlled by intense local convection, and compa-
rable to other high mountain areas (Schmidt, 1999). It is dominated by the monsoon system 
as the lake basin is located close to the western limit of the East Asian Summer Monsoon 
trajectories (Domrös and Peng, 1988; An et al., 2001). During the cold and dry winters, ex-
tra-tropical westerlies prevail. The mean summer (May to October) and winter (November 
to April) precipitation is 278 mm and 26 mm, respectively. The mean January (July) air 
temperature is -16.8 (7.5) °C. Mean annual relative humidity, sunshine hours, total pan 
evaporation and wind velocity are 59%, 61 %, 1375 mm and 3.4 m/s, respectively (data from 
Madoi climate station 1958-2007, Chinese Central Meteorological Office, 2007).  
 
Figure 3.1: Map of (A) Lake Donggi Cona and its catchment, and (B) sampling sites of lacustrine sur-
face sediment samples. Background: elevation (SRTM) and land cover (Landsat7 ETM+ MrSid image, 
NASA Landsat Program, 2003, USGS, Sioux Falls). 
Lake Donggi Cona belongs to a series of pull-apart basins along the Kunlun Fault with a 
surface area of 229 km² and an asymmetric basin structure incised in heterogeneous Permi-
an-Triassic and Neogene rocks (Dietze et al., 2010). Major perennial inflow along a large 





annual discharge. Outflow of the lake towards the endorheic Qaidam Basin is currently 
directed through an artificial channel at the western lake margin (Figure 3.1), which is con-
trolled by a gauge station set up during the 1970s. However, morphological features such as 
palaeo-shorelines and ancient on-shore terraces occur in the vicinity of the lake and suggest 
former lake levels above present. Sedimentological and morphological indications for up to 
57 m lower lake levels have been described by Dietze et al. (2010) for the Late Quaternary. 
Currently the lake is an oligotrophic freshwater lake with oxygen supply down to the 
lake bottom and a maximum Secchi depth of 12 m (Mischke et al., 2010b). The lake is frozen 
from late November to early April. It shows no distinct stratification pattern during the 
unfrozen period owing to full circulation. Biological activity, i.e. ostracoda and aquatic 
macrophytes, shows a clear distribution with water depth (Mischke et al., 2010b). 
At this high elevation site, climate influences the dominant modern geomorphological 
and depositional processes within the catchment. During summer, intense precipitation 
leads to fluvial erosion and alluvial accumulation, i.e. by laminar sheet floods along the 
gentle slopes, bringing the main suspension load towards the lake. The few perennial, some 
seasonal and numerous short episodic inflows lead to differently sized alluvial cones, 
which encircle the basin (Dietze et al., 2010; Figure 3.1). During winter time, aeolian dis-
placement of sediment along the slopes and alluvial plain is forced by the dry winter mon-
soon and leads to several dune fields and loess-like sediments covering most of the slopes. 
Strong aeolian processes are supported by a sparse vegetation cover of alpine meadows and 
steppes (Kürschner et al., 2005), which are intensively grazed by yaks and sheep. In the 
past, glaciations in the northern catchment and at the outflow area supplied huge amounts 
of glacio-fluvial sediments to the lake during times of substantially lower lake levels (Dietze 
et al., 2010).  
3.4 MATERIAL AND METHODS 
3.4.1 FIELD AND LABORATORY ANALYSES  
In August 2006, 77 surface sediment samples were collected from the upper 2 cm with a 
Hydro-Bios-Ekman grab from a boat (Mischke et al., 2010b). Parallel to sampling, water 
depth at each site was measured, and the position was determined with a handheld GPS. 
With a second boat, a bathymetric survey of 3977 points was conducted using a Dual-Beam 
Garmin fishfinder and acoustic sub-bottom profiling, and a bathymetric model of the lake 
basin was created (Dietze et al., 2010). All surface sediment samples covering a water depth 





tributions. Therefore, they were pre-treated with 35 % H2O2 to remove organic matter and 
with 10 % HCl to remove the carbonate fractions before being placed on an overhead shaker 
for minimum eight hours together with 10 mg of a dispersion agent (Na4O7P2*10 H2O). 
Then, grain sizes less than 1 mm were finally measured with a laser diffraction particle size 
analyser (Coulter LS 200, Beckmann Coulter GmbH). Volume percentages of 85 grain-size 
classes ranging from 0 to 11.31 φ were measured and compiled in a data matrix. 
3.4.2 END-MEMBER MODELLING ANALYSIS (EMMA) OF GRAIN-SIZE DIS-
TRIBUTIONS  
Internal correlation in the variable and sample space may affect the modelling process. 
Robust but complex procedures exist to resolve the problem of spurious correlation in 
compositional data (Filzmoser and Hron, 2009), but as the correlation analysis used here is 
just an additional tool to understand the data structure and modelling process, we calculat-
ed Kendall’s τ measure of concordance to overcome at least the problems associated with 
Pearson’s r (Aitchison, 1986; Jackson and Somers, 1991), which is very sensitive to outliers 
and spurious correlation. 
The end-member algorithm used in this study is based on Imbrie (1963), Manson and 
Imbrie (1964), Klovan and Imbrie (1971) and Miesch (1976, 1980). The conceptual modifica-
tions of Weltje (1997) have only been partially implemented in our numerical algorithms 
(see below). Prior to end-member analysis, raw grain-size distributions have been trans-
formed to sum to 100 %. Our algorithm allows two approaches:  
1) is an iterative loop to find the best fit of the EM model in relation to the original data 
by testing different numbers of end-members q. The optimal, minimum and maximum 
numbers of end-members and best EMMA-internal transformations can be determined by 
overall goodness-of-fit tests.  
2) defines q manually, i.e. optimal EM model, and allows detailed goodness-of-fit tests 
and estimation of model inherent uncertainty.  
The principal steps of end-member calculation are (cf. Online Supplement): 
Step 1. To minimise effects of scale, a transformation becomes necessary (Hartmann and 
Wünnemann, 2009), as large scale contrasts may result in weak or hidden correlations. Log-
ratio transformations are quite popular for compositional data and suitable for geochemical 
data (Aitchison, 1986; Kucera and Malmgren, 1998). However, too many zero values exist 
within the grain-size distribution space resulting in numerical problems such as artificial 





gested by Manson and Imbrie (1964) and Klovan and Imbrie (1971). It is based on percen-
tiles P with various lower (l) and upper (100-l) boundaries as weights: 
W = (X – h) / (g – h)   (6) 
In general terms, vectors h and g are defined by hj = Pl(xj) and gj = P100-l(xj), deriving the 
weighted matrix Wij from the columns of the original matrix Xij. A value of l = 0 reflects the 
minimum and maximum of each column, i.e. the transformation after Miesch (1976), which 
has already been used in the end-member algorithm of Weltje (1997). Different percentiles 
between P2.5 / P97.5 and P10 / P90 are tested to optimise the end-member model. 
Step 2. The matrices of eigenvectors V and eigenvalues  are extracted from the minor 
product matrix  calculated by = WT * W as recommended by Weltje (1997). In our 
MATLAB implementation, we made use of the LAPACK package (Anderson et al., 1999; cf. 
equation (1)). It is most suitable for the grain-size data set. Normalisation of the eigenvalues 
gives the degree of variance explained by the eigenvectors.  
Step 3. Analogous to factor analysis, rotation of the eigenspace of different numbers of 
end-members q optimises the unmixing process in our case (in contrast to Weltje, 1997). It is 
applied to simplify the structure of the end-members, which facilitates interpretation in 
terms of the original variables (Reimann et al., 2002; Filzmoser et al., 2009) and allows a 
clear unmixing. A standard orthogonal VARIMAX rotation according to Kaiser (1958) repre-
sents our data optimally in comparison to other rotation procedures (not shown).  
Step 4. We normalise the preliminary eigenvector loadings (Vjq) to ensure the nonnegativity 
of the rotated eigenvectors, which renders the resulting vectors slightly oblique (cf. similar 
approach: Clarke, 1978). The eigenvector scores (Miq) are estimated by a linear nonnegative 
least square algorithm after Lawson and Hanson (1974; cf. equation (3)).  
Step 5. Following Weltje (1997), we reverse the initial weight transformation by using a 
scaling factor with the respective initial percentile values for h and g. This changes Vjq and 
Miq to the original units of the initial data set. After a final normalisation to fulfil the initial 
100%-sum constraint, we call them end-member loadings (Vjq') and end-member scores 
(Miq'), respectively. The variance explained by each end-member is the proportion of total 
scores variance. 
Step 6. Now we calculate the modelled data set X' and the respective error matrix E ac-
cording to equations (4, 5). Goodness of fit is evaluated by calculating mean row- and col-
umn-wise linear coefficients of determinations (r²±2σ) between X and X' as also suggested 





variable, respectively. Within the iterative loop, overall mean r² values are calculated. They 
are shown in the Q-R² mean plot.  
The true number of final end-members q in the system is generally unknown. To con-
sider the potential range of q, a minimum number of potential end-members can be esti-
mated by testing whether the logratios of error matrix E are normally distributed (Renner, 
1991). Hence, Weltje (1997) checked the multivariate normality of the centred logratio re-
siduals of E by several normality tests, but declared it to be a “far from robust” method. 
Thus, we define the minimum number of potential end-members qmin here by taking at least 
as many eigenvectors into the VARIMAX rotation (step 3) as needed to explain more than 
95 % of total variance in the original data. 
As we encountered numerical instabilities with increasing q during the model setup we 
define the maximum number of end-members qmax at the maximum value of r² within the Q-
R²mean plot, when the model becomes instable. To derive the optimal qopt using grain-size 
data we follow the general proposal (e.g. Reyment and Jöreskog, 1993; Prins and Weltje, 
1999) to take q at the inflection point within the Q-R²mean plot of the final goodness-of-fit test 
in the loop routine of the model.  
Step 7. One single model result is just a scenario with a given likelihood. The likelihood 
of a model itself can only be reliably estimated by comparing large sets of other similarly 
likely model runs. Minimum and maximum end-member numbers of models with different 
weight transformations span the uncertainty range of our EMMA. Within this range differ-
ent weight transformations are compared in the Q-R²mean plot to derive the optimal percen-
tile weight lopt for step 1. It is defined by the highest r²-value at qmax. Thus, a certain weight 
transformation can result in a higher maximal number of end-members qmax, but must not 
necessarily have the highest r² of all models. The values lopt and qopt are the basis for the op-
timal end-member-model.  
As an additional step, we test the robustness of the end-members within a narrower un-
certainty range. Therefore, we use models with the most stable weight transformations 
from their respective qmin to qmax. From the loadings plot, we visually inspect whether there 
appear some robust end-members in all models. In our case, two end-members (EM1, EM2) 
are present in all models. Thus, we extract the preliminary eigenvector loadings Vjq of these 
two end-members of all models under consideration and calculated their mean (Vjq EMinvar1, 
Vjq EMinvar2). Then we put it into the algorithm again, together with a third residual member 
Vjq res, and extract the final robust end-members. The residual member Vjq res describes the 





member set. Owing to the orthogonal geometry and the normalisation of the eigenvectors 
in (d-1) dimensions Vjq res is given by 
Vjq res 2= 1 – Vjq EMinvar1² – Vjq EMinvar2² (7) 
In the case of random fluctuations and measurement errors, the loadings should be uni-
formly distributed over grain-size classes and we assume that there are no remaining pro-
cesses of sediment sorting in our data.  
For the reversal of the weight transformation (step 5), we applied the scaling factor with 
the optimal percentile weight lopt. This type of end-member-model is called our robust end-
member model. Confidence levels for the two robust end-members is given as 2σ of the 
extracted end-member loadings Vjq' (cf. step 5) of each of the selected end-member model 
runs (i.e. independent of the robust model run).  
3.5 RESULTS  
3.5.1 GENERAL CHARACTERISATION OF LAKE SEDIMENTS AND EMMA 
Grain sizes of surface sediment samples of Lake Donggi Cona showed multimodal dis-
tributions with local maxima at 4.2, 5.4 and 7.5 φ in the mean curve of all samples (Figure 
3.2). However, samples were highly variable in space and did not show a distinct relation to 
water depth (not shown).  
 
Figure 3.2: Individual grain-size distributions of lacustrine surface sediment samples from Lake 
Donggi Cona including their mean, absolute minimum and maximum for each grain-size class. 
In the grain-size classes < 1.4 φ, 62 % of the samples contained zero values. Kendall’s τ 





are due partly to the compositional data constraints (i.e. spurious correlation) and partly to 
measurement-inherent problems (not shown). 
 
Figure 3.3: Different percentile weight transformations used within the end-member model, with (P0, 
P100) being the (min, max) transformation after Miesch (1976). (A) The explained cumulative variance 
(ECV) of initial eigenvalues is a function of numbers of normalised eigenvectors (i.e. potential end-
members q). The minimum number of end-member qmin is reached at ECV > 0.95 (arrow). (B) The 
mean coefficient of determination r² as function of number of end-members q shows the stability of 
the model and defines the maximum number of end-members qmax at r²max. The optimal number of 
end-members qopt can be determined from the inflection point of each curve (area around arrow). 
These intense correlations together with an unbalanced variable-to-sample ratio of 85 to 
77 lead to a high degree of numerical instabilities during the end-member model setup. As 
a result, mathematically unfavourable negative eigenvalues occurred and factor rotation 
broke down during the loop. Thus, we summed up every two adjacent and the coarsest 





avoided negative eigenvalues and led to a stable VARIMAX rotation during the loop. Then, 
the minimum number of end-members considering all weight transformations was qmin = 4 
(with l = 0, Figure 3.3A). However, some numerical instability persisted because two third 
of the samples still had zero values in the coarsest grain-size classes. This instability became 
obvious when considering the final goodness-of-fit Q-R²mean plot (Figure 3.3B). The max-
imum number of end-members considering all weight transformations was qmax = 9 (with l = 6).  
3.5.2 THE OPTIMAL END-MEMBER MODEL 
The optimal, most stable end-member model showed the best performance when using 
the weight transformation with l = 4 (i.e. with the percentile range of P4 to P96) and an r²mean = 
0.85 at qmax in the Q-R² mean plot, i.e. the signal-to-noise ratio in this optimal 5-EM model was 
85 to 15. It was stable up to qmax = 8 end-members and yielded the highest coefficients of de-
termination in the comparison of original with modelled data (r²max = 0.86). The inflection 
point for this optimum model was reached when using five end-members.  Figure 3.4A 
shows the sedimentologically meaningful end-member loadings. A clear unmixing of the 
former multi-modal grain-size distributions has been achieved and resulted in end-
members 1 to 5 with dominant modes at 8.4 φ (clay domain), 6 φ (medium silt), 3 φ (fine 
sand), 4.4 φ (coarse silt), and 1.7 φ (coarse to medium sand). Each of them has some addi-
tional minor modes of subordinate importance, whereas EM 5 showed two prominent mi-
nor modes in the coarse silt (4.7 φ) and clay domains (8.4 φ). EM 1 to 5 represent 33.6, 24.0, 
19.7, 16.4, and 6.2 % of the total explained variance, respectively.  
End-member scores represent the degree to which an end-member contributes to each 
sample. Therefore, they give quantitative information of end-members in sample space. As 
in the original data, there was no significant relation to water depth at the sampling site 
(Figure 3.4B). However, a dominance of the clay EM 1 appears visually in depth ranges 
around 24 m, which may correspond to a geomorphological level detected in bathymetry 
(Dietze et al., 2010). 
Goodness of fit showed an overall representation of grain-size classes with r² = 0.83 ± 
0.16 and of samples with r² = 0.85 ± 0.16. Figure 3.4C indicates an almost complete represen-
tation of some coarse grain-size classes (up to r² = 0.96 in the class of 0.9 φ), a slightly worse 
representation of φ classes around 2 φ and a very good representation of φ classes in the silt 
domain of r² = 0.8 to 0.9. Modelling of the smallest grain-size classes then degrades slightly 
to r²min = 0.6 at 11.1 φ, a class instrumentally difficult to measure. Sample composition was 






Figure 3.4: Results of the optimal end-member model. (A) End-member loadings represent 
sedimentologically interpretable unmixed grain-size distributions. (B) End-member scores [%] give 
the proportion of variance explained by the end-members for each surface sediment sample (sorted 
after water depth). (C) and (D) show mean variablewise and samplewise coefficients of determina-
tion (r²) as quantitative error estimate. 
3.5.3 THE ROBUST END-MEMBER MODEL 
For the robust end-member model, we applied only the most stable weight transfor-
mations (in our case l = 4, 5, and 6, i.e. the percentile ranges 4-96 %, 5-95 % and 6-94 %, re-





initially explained variance, and maximum numbers of 7 to 9, i.e. from the initiation of in-
stability in the Q-R²mean plot (Figure 3.3). Thus, we calculated 12 different EM-models, which 
are assumed to be of similar probability.  
Figure 3.5A (grey lines) shows a plot of all end-members between the minimum and 
maximum number of end-members possible within these scenarios. The representation of 
grain-size classes < 5.2 φ appears to be highly dependent on the model version and shows 
no consistent end-member. However, the clay and medium silt end-members (i.e. EM 1 and 
2 of section 5.2 with major modes at 8.4 and 6 φ) are part of all these end-member models. 
They represent highly robust end-members. Their final end-member loadings Vjq'invar are 
plotted in Figure 3.5A (coloured) together with their range of confidence as calculated from 
all 12 end-member models. The robust end-member loadings Vjq'invar were clearly within the 
2σ range, implying also a representative modelling of the residual member covering the 
coarser grain-size classes (< 5.2 φ). Thus, the clay EM and the medium silt EM explained 
29.6 and 24.8 % of the variance, respectively, i.e. both robust end-members together repre-
sent 54.4 % of total variance within the original data set. In contrast, the residual member, 
i.e. the unexplained part of our model, accounted for 45.6 % of the data variance. 
End-member scores again did not show a significant relation to water depth as seen also 
in the quite complex pattern when plotted in space (Figures 3.5B, 3.6). The residual member 
partly dominated samples of low water depths, especially close to the outlet of the lake and 
at the northern rim of the eastern sub-basin (Figure 3.6C). The medium silt end-member 
never constituted an entire sample (mq'max = 0.94; Figure 3.6B).  
Considering the goodness of variable and sample fit, we found a reasonably good mod-
elling of variables with r² = 0.54 ± 0.40 and of samples with r² = 0.7 ± 0.3 in the robust end-
member model (Figure 3.5C, D). As expected, grain-size classes < 5.2 φ were poorly repre-
sented (i.e. by the residual member) except for the classes where the two robust end-
members had their secondary modes. The finer grain-size classes reached r²max = 0.8. Most of 







Figure 3.5: Results of the end-member model using only the most robust end-members. (A) End-
member loadings represent sedimentologically interpretable unmixed grain-size distributions (gray 
solid lines: all end-members from the 12 most stable EM model versions; blue solid (dotted) line: 
mean (± 2σ) of the robust medium silt EM, brown solid (dotted) line: mean (±2σ) of the robust clay 
EM, red solid line: residual). (B) End-member scores [%] give the proportion of variance explained by 
the robust end-members and the residual member for each surface sediment sample (sorted after 
water depth). (C) and (D) show mean variablewise and samplewise coefficient of determination (r²) 






Figure 3.6: High (black) to low (white) end-member scores [%] of the robust (A) medium silt end-
member, (B) clay end-member and (C) the residual member as the proportion of variance explained 
for each sample in space. Bathymetry indicates a water depth range from 0 to -92 m (after Dietze et 
al., 2010). 
3.6 INTERPRETATION AND DISCUSSION 
3.6.1 EVALUATION OF THE END-MEMBER MODELLING ALGORITHM 
The overall gain of end-member modelling, i.e. the unmixing of geologically feasible, 
quantitative signals from a set of grain-size distributions, has already been comprehensive-
ly discussed by Weltje and Prins (2003, 2007) and users of their algorithm. It overcomes 
most of the problems in grain-size analyses associated with the methods of moments or 
fitting of theoretical functions to single distributions (Flemming, 2007; Hartmann, 2007).  
Our EM-modelling algorithm provides an additional flexible tool to study mixing prob-
lems associated with grain-size distributions in sediment archives. It is partially based on 
concepts from factor analysis and overcomes problems of interpretability by keeping the 
scale, nonnegativity and constant-sum-constraint of the original data. It unmixes and de-
rives meaningful end-members in a feasible way and has been implemented in the common 
programming environment of MATLAB (see Online Supplement). It is not restricted to the 
study of modern sediment compositions and contributes to a better operationalisation in 
grain-size analyses as demanded by Hartmann (2007). 
Furthermore, the algorithm and its set-screws provide the opportunity to quantify the 
model’s inherent setup uncertainty. Hence, models can be run considering different num-
bers of end-members and flexible weight transformations. They are assumed to have a simi-
lar likelihood, and a fixed single outcome is avoided. The overall gain of considering the 
uncertainties is the possibility to detect robust process components in any kind of sediment 
system, thus achieving a higher level of end-member modelling. 
However, some limitations still remained unsolved in our algorithm. Thus, we had to 
deal with numerical instabilities, which could not be solved completely by the aggregation 





technique. First, the instabilities may result from the classical problem of redundancy, as 
compositional data are sufficiently described by (d-1) variables. Thus, the transformation of 
the grain-size classes to the Euclidian data space could not be performed, as too many zero 
values hindered the classical use of logratio transformations, as e.g. suggested by Filzmoser 
et al. (2009) for the standard FA. Although we are aware of these limitations, we believe 
that applying the end-member analysis algorithm on grain-size distributions without a 
logratio transform is still possible (cf. Weltje, 1997).  
Second, numerical instabilities may result from overspecification, when too many end-
members have been chosen and noise is modelled. This may not only be a statistical prob-
lem alone, but depend on the natural conditions in the study area and the sampling strate-
gy. Hence, we suggest a highly differentiated sediment production and dispersal results 
from the heterogeneous lithology in the subcatchments of Lake Donggi Cona, which cannot 
be resolved by the number of our samples. Additionally, the lacustrine sediment samples 
used in this study do not represent a purely random sampling strategy, as they were chosen 
according to ecological considerations (Mischke et al., 2010b). Thus, the deepest parts of the 
lake are poorly represented, and a clustering of samples occurs in a water depth around 24 
m. Further, sedimentation rates cannot be assumed to be equal at all sites. 
3.6.2 DETRITAL PROCESSES WITHIN LAKE DONGGI CONA  
Within the limitations mentioned, detrital processes in Lake Donggi Cona can be inter-
preted from the end-members of the optimal 5-EM model. Typical distribution shapes may 
be linked with certain depositional processes following the classical understanding of grain-
size sorting and distribution processes during sedimentation (in the tradition of, for exam-
ple, Krumbein, 1936; Folk and Ward, 1957; McManus, 1988). Observations of 
sedimentological processes within the Donggi Cona catchment during field campaigns in 
the summers of 2006 and 2009 and the winters of 2007 and 2008 as well as reference surface 
samples from near-shore and catchment-wide characteristic depositional environments 
(IJmker et al., unpublished) allow further interpretation of the shapes of end-member grain-
size distributions. Thus, we suggest that minor modes within the single end-members are 
more natural than an end-member from a fit with theoretical unimodal functions 
(Flemming, 2007).  
Thus, the clay EM 1 represents suspended sediment from fluvial and alluvial processes. 
During field campaigns in summertime, a high load of suspension in linear and laminar 
runoff has always been observed during heavy precipitation events. Collected reference 





obvious mode at the clay grain sizes, which has not been observed as such in reference 
samples of other depositional environments.  
Further, we can specify EM 3 as sandy well-sorted, probably dune sediment and the 
well-sorted, silty EM 2 and 4 as local and remote dust, respectively. That implies that 
around 60 % of variance in modern Donggi Cona lacustrine sediment composition may be 
attributed to aeolian sedimentation, which is the most characteristic and effective transport 
process during wintertime.  
Sand EM 5 is poorly sorted, has actually three prominent modes and explains only 6 % 
of total variance in the data. It represents sedimentation environments of more heterogenei-
ty, as is typical of fluvial and on-shore depositional dynamics at the end of sediment cas-
cades in subcatchments with heterogeneous sediment production and dispersal.  
From the robust EM model runs, we learned that only the clay and medium silt end-
members are robust features of surface sediment samples in Lake Donggi Cona. They are 
the most important detrital components of the lake sediments. As in the optimal end-
member model, they are interpreted as representing sediment contributions from suspen-
sion load and remote dust. Within a range of uncertainty, they are signals which explain 
about 30 % and 25 % of the variance in the sediment’s grain-size distributions, respectively. 
The residual variance represents different unspecific processes of higher energy during sed-
imentation, which may be linked with more random distribution of grain sizes at Lake 
Donggi Cona.  
In contrast to biological activity (Mischke et al., 2010b), a clear relation of grain-size dis-
tributions to water depth and spatial pattern is missing (Figure 3.6). Apart from the sam-
pling limitations mentioned above, two reasons for the rather random grain-size distribu-
tion of these sediments may be discussed. One is the freezing of the lake during half of the 
year at a time when aeolian processes peak. At that time, the wind carries most of the sedi-
ment to the lake, where it collects at ice cracks and on the partly snow-covered ice surface. It 
melts at random sites during spring and contributes randomly to the surface sediment 
composition. Also a contribution of poorly sorted ice rafted debris may superimpose a con-
tinuous sedimentation. 
Further influence of lake-internal transport by currents has to be considered. During 
spring and summer, the lake is saturated by oxygen down to its bottom (Mischke et al., 
2010b) suggesting an intense water circulation, which can bring coarser material to deeper 
sites. Suspension load seems to be mainly distributed along the prominent -24 m geomor-





coarse grain sedimentation, could partly be associated with the near-shore areas and more 
turbulent water flow close to the outlet. However, the relation of the clay end- member and 
the residual to water depth was not significant at all and may also be an artefact from sam-
pling strategy. 
The effective mixing processes play a major role at Lake Donggi Cona and might not be 
as strong in other sediment systems. They pose special difficulties for determining process-
related sediment properties, which we manage to deal with using the described EMMA 
algorithm. Within the given uncertainties we explained 55 % of the variance by only two 
robust end-members attributed to aeolian and suspension-related sedimentation. This is a 
fairly good result considering all sedimentological processes contributing to grain-size vari-
ation within a lake. 
3.7 CONCLUSION AND OUTLOOK 
We provide a flexible end-member algorithm based on eigenspace analysis with a com-
bination of known scaling procedures and multivariate methods (see Online Supplement). 
It can be used to provide genetically meaningful, quantitative grain-size end-members. 
These are representative for sedimentological and geomorphological processes within a 
sediment sink of highly correlated variable structure. Our algorithm helped to decipher 
robust sediment components of the modern detrital system within a Tibetan lake by inte-
grating several model runs of presumably similar likelihood. Hence, end-member loadings 
allow the respective end-members to be characterised, while end-member scores give the 
proportions of variance of each end-member within a sample.  
Concerning the specific local environmental conditions at Lake Donggi Cona we gained 
two new insights: first, the missing association of the grain-size end-members to water 
depth suggests that effective sediment mixing processes take place within the lake. Second, 
only two components are robust features of our lake system, i.e. the clay and medium silt 
end-members attributed to suspension-related and aeolian sedimentation processes. Con-
sequently, we should focus on them when decomposing grain-size data from sediments 
going back in time, as these are the main processes quantifiable in our lake system.  
Our algorithm is not restricted to lacustrine depositional environments alone. It may be 
used in any grain-size analysis studying any kind of modern or past sediment system. 
When studying a variety of sediment archives along a topologically linked sediment cas-
cade, alteration of end-member scores can be used to assign significant environmental 





Insight into past variations of the robust sedimentological processes in the Donggi Cona 
area will be provided by end-member modelling using grain-size components from lake 
sediment cores and catchment-wide sediment archives as proxies for limnological and envi-
ronmental changes. Their contribution to sediment composition can then be compared to 
modern times, allowing also a comparison of background sedimentation triggers. The in-
terpretation of the end-members can further be specified by including geochemical data of 
certain grain-size fractions to better understand sediment provenance – a method already 
successfully applied by Weltje and Prins (2003). 
Further alterations of the EMMA algorithm have to be considered: the problem of re-
dundancy in the (d-1) dimensional simplex has not yet been solved, and no rigorous model 
exists for the error matrix E. This may be partly related to the least-square estimation within 
EMMA, which may be inappropriate in the simplex space and might make EMMA still 
non-rigorous from a statistical point of view. Finding alternatives and solving these math-
ematical problems would be a big step forward. Further error estimation should include 
also Bayesian approaches like those performed by Palmer and Douglas (2008) on geochemi-
cal data. Background information can be derived from different model runs and the mod-
ern climatic, tectonic and human setting. 
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4. HIGHER THAN PRESENT LAKE STANDS AT LAKE DONGGI CONA  
4.1 ONSHORE LAKE TERRACES  
Onshore terraces that encircle Lake Donggi Cona were first mentioned by Van der 
Woerd et al. (2002). They represent higher than present lake stands, consisting in part of 
lacustrine and littoral sediments (Chapter 4.2). To assess and quantify the former lake ex-
tents, Lockot (2010) compiled data from geomorphological mapping, as well as tachymetric 
and differential topographical surveys. Four morphological levels with characteristic flat 
surfaces (treads) and scarplets (risers) were distinguished by applying statistical methods to 
the survey points. Hence, four higher lake stability phases are described at 3.5 ± 0.4 m, 6.1 ± 
1.0 m, 10.1 ± 0.9 m, and 16.7 ± 1.2 m above the present lake level (a.p.l.l.; T1 to T4 including 
1σ error, Figure 4.1). The lake reached areas (volumes) of 277 km2 (7.85 km3), 293 km2 
(8.58 km3), 321 km2 (9.88 km3), and 358 km2 (12.28 km3) during the lake stages of T1 to T4, 
respectively (Lockot, 2010; cf. Figure 5.1).  
 
Figure 4.1: Onshore terrace heights above the present lake level of Lake Donggi Cona (after Lockot, 
2010). 
Lockot (personal communication, spring 2012) discusses several reasons for the varying 
ranges in terrace level elevation and the separation of terrace subgroups. Lockot concludes 
that mainly post-genetic, sub-catchment specific erosional and sedimentary processes con-
tributed to the high variability of T3 and T4 terrace elevations, whereas short-term lake lev-
el fluctuations seem to be responsible for the site-independent subgroups of T2 terrace. 
Post-genetic alteration of the terrace heights by tectonic impact were excluded, because no 
association between height subgroups and the pattern of the Kunlun fault system was 
found. Terrace dating can be done indirectly using lake high-stand sediments, which pro-





4.2 LAKE HIGH-STAND SEDIMENTS  
This chapter has been submitted to the international peer-reviewed journal Quaternary 
Research in August, 2012 as research article with the title “Early to mid-Holocene lake high-




Lake high-stand sediments are found in three onshore terraces at Lake Donggi Cona, 
north-eastern Tibetan Plateau, and reveal characteristics of hydrological changes on lake 
shorelines triggered by climate change, geomorphological processes, and neo-tectonic 
movements. The terraces consist of fluvial, alluvial to littoral-lacustrine facies. End-member 
modeling of grain size distributions allowed quantification of sediment transport processes 
and relative lake levels during times of deposition. Radiocarbon dating revealed higher 
than modern lake levels during the early and mid-Holocene. Lake levels follow the trend of 
Asian monsoon dynamics, and are modified by local non-climatic drivers. Site-specific im-
pacts explain fluctuations during the initial lake level rise ~11 cal ka BP. Maximum lake 
extension reached ~9.2 cal ka BP, at ~16.5 m above present lake level (a.p.l.l.). Littoral and 
lacustrine sediment deposition paused during a phase of fluvial activity and post-
depositional cryoturbations at ~8.5 cal ka BP, when the lake level fell to ~8 m a.p.l.l. After a 
second maximum at ~7.5 cal ka BP, lake level declined slightly at ~6.8 cal ka BP, probably 
due to a non-climatic pulse that caused lake opening. The level remained high until a transi-
tion towards drier conditions of ~4.7 cal ka BP. Though discontinuous, high-stand sedi-
ments provide a unique, high-resolution archive. 
Keywords: Lake level fluctuations; Lake high-stand sediment; End-member modeling 
(EMMA); Grain size distributions; Tibetan Plateau; Asian monsoon 
4.2.1 INTRODUCTION  
The Tibetan Plateau (TP) provides water to billions of people in Asia and heavily influ-
ences the global climate circulation (Qiu, 2008). Moisture availability on the TP is regulated 
by different circulation systems – wet summer monsoons from the Indian and Pacific 
Oceans interact with the westerlies and dry winter air masses from the Siberian anticyclone. 
However, the past interplay of these systems is still under discussion (Chen et al., 2008, 





One way to better understand moisture variability is to study lake level changes. An-
cient lake stands can record shifts in the precipitation-evaporation balance of a catchment 
(Cohen, 2003). Lake stands respond to water supply from glaciers and thawing permafrost, 
but can also reflect modifications of the basin and catchment configurations. Indications of 
lake high-stands have been observed on the TP for a long time (e.g., De Terra and 
Hutchinson, 1934). More recently, shorelines and beach ridges were dated with 14C and 
OSL (Lee et al. 2009; Li et al., 2009). There are only a few studies from the western TP (Gasse 
et al., 1991), Ladakh (Wünnemann et al., 2010), and the northern foreland of the TP (Madsen 
et al. 2008, Long et al., 2010) that consider lake high-stand sediment sequences in detail, i.e., 
intercalations of lacustrine, littoral and terrestrial sediments deposited above present lake 
level (a.p.l.l.).  
Using stratigraphy and granulometry, this study reconstructs sedimentological process-
es from intercalations of terrestrial and lacustrine sediment deposited during high-stands of 
Lake Donggi Cona. Because the Donggi Cona catchment is part of an active tectonic fault 
system, a major aim is to distinguish climatic from non-climatic triggers of lake level chang-
es using environmental reconstructions of the lake and its vicinities.  
4.2.2 STUDY AREA 
Lake Donggi Cona fills a pull-apart basin at the Kunlun Fault (35°18’N, 98°32’E; Figure 
4.2), which has a mean annual slip rate of ~10.3 mm/a along the Donggi Cona segment (Van 
der Woerd et al., 2002). Seismic studies (Dietze et al., 2010) and fluvial terraces (Van der 
Woerd et al., 2002) suggest that vertical motion has been of minor importance in the lake 
and its catchment during the Holocene.  
Climatic conditions in the vicinity of Donggi Cona are characterised by a total pan 
evaporation of ~1375 mm/year, mean air temperatures in January (July) of -16.8 (7.5) °C and 
mean annual precipitation of ~300 mm (Madoi station, 4272 m a.s.l., ~50 km southwest, 
Chinese Central Meteorological Office, 2008). Precipitation falls mainly in summer (~280 
mm between May and October) as intense torrential rain from local convection of the Asian 
summer monsoon air masses, which reach their northern limit here (Domrös and Peng, 
1988). Overland flows, reactivation of ephemeral channels, and rivers transport the main 
suspension load to the lake. The lake is normally frozen from late November until early 
April, when westerlies and the winter monsoon prevail, and bring dry winds that mobilize 
aeolian sediments from Pleistocene and Holocene dune fields, loess, and loess-like sedi-
ments (Lehmkuhl, 1997; IJmker et al., 2012a). In addition, dust can be captured discontinu-





aeolian sediment were reconstructed for the Holocene (Stauch et al., 2012). Yak and sheep 
grazing on alpine steppes and meadows also cause sediment mobilization (Schlütz and 
Lehmkuhl, 2009). Wet hummocky land surfaces and small thermokarst depressions indicate 
that discontinuous permafrost affects saturated sediments close to the lake and in local de-
pressions. 
 
Figure 4.2: Donggi Cona lake basin and its catchment on the north-eastern TP [inset]. Main Kunlun 
fault after Van der Woerd et al. (2002) and assumed in-lake continuation after Dietze et al. (2010). 
Triangles indicate the locations of high-stand sediment sections (cf. Google Earth kmz-file). 
The heterogeneous geological and geomorphological catchment configuration includes 
dissected series of carbonates, limestones and sandstones faulted against quartzites and 
shales, all partly overlain by conglomerates. In the upper catchment, lateral moraines and 
U-shaped valleys indicate past glaciations, while fluvial incision formed V-shaped valleys 
in the middle reaches. Major perennial inflow enters the lake from the east via a large allu-
vial plain. The only other perennial stream enters the lake from a flat basin north of Lake 
Donggi Cona via a transverse valley (Figure 4.2).  
The current lake level is at 4090 m a.s.l. Palaeo-shorelines and ancient onshore terraces 
that contain lake sediments encircle the lake and indicate four higher lake stands at 3.5 ± 0.4 
m, 6.1 ± 1.0 m, 10.1 ± 0.9 m and 16.7 ± 1.2 m a.p.l.l. (T1 to T4, Lockot, 2010). Three lower 
Pleistocene lake stands at 24, 39 and 57 m below the present lake level were reconstructed 
using bathymetry and seismic stratigraphy (Dietze et al., 2010). A deglaciation-related lake 
level rise with strong fluctuations between 17.5 and 14 cal ka BP, was followed by a drop at 





higher levels prevailed between ~4.3 and 11.5 cal ka BP (Opitz et al., 2012). There is debate 
regarding when the lake switched to an open system: at ~6.8 cal ka BP when a change in 
ostracod assemblages from euryhaline (brackish) to fresh-water species occurred (Mischke 
et al., 2010a); or at ~4.3 cal ka BP as suggested by changes in the geochemical and miner-
alogical properties of lake sediments (Opitz et al., 2012). 
Today, the lake drains through an artificial channel at the western margin, south of the 
active course of the Kunlun fault. It merges with a perennial stream that originates from the 
north and then drains towards the northwest (Figure 4.3A). A gauge station was set up dur-
ing the 1970s to control the water supply towards the endorheic Qaidam Basin. 
4.2.3 METHODS 
4.2.3.1 FIELD METHODS  
During May and September 2009, nine high-stand sediment sections at Lake Donggi 
Cona were described at modern fluvial channel exposures, permafrost decay fronts, an-
thropogenic gravel pits or were dug along terrace front slopes (Figures 4.2, and 4.3). The 
highest elevation of the lake sediments was determined using a differential GPS. 
Sedimentological structures and layering were described, including major macroscopic 
characteristics such as sediment colour, charcoal, and snail fragments. Burrows and distort-
ed sediment layers indicate post-depositional alteration of the sections. Additionally, 
pedological description focused on features of redoximorphosis, clay and carbonate reloca-
tion, and root penetration.  
4.2.3.2 LABORATORY METHODS  
The complete sections of P06 and P14, and the lake sediment parts of sections P15, P02 
(undisturbed parts) and P21 (including matrix material within gravel layers) were analysed. 
Prior to analysis, all samples (taken in 2cm slices at different intervals) were sieved to 
<1mm. Larger grain fractions were not considered, as only 26 samples had material >1mm. 
To account for the detrital components of the grain-size distributions, 262 samples were 
pre-treated with 10% acetic acid to remove the carbonate fraction, and 35% H2O2 for at 
least 72 h to remove organic matter, before being placed on an overhead shaker for at least 
12 h, together with 10 mg of sodium pyrophosphate. Grain size distributions were meas-
ured with a laser diffraction particle size analyser (Beckmann Coulter LS 200, calculated 
with a Fraunhofer model). Volume percentages of 85 grain-size classes from 1000 to 0.38 μm 





4.2.3.3 STATISTICAL METHODS 
Single grain size parameters such as sand, silt, and clay contents, or the associated 
methods of moments (e.g., mean, skewness, kurtosis), are biased when applied to multi-
modal distributions (Dietze et al., 2012), which is why such results were omitted here. In-
stead, the original grain size distributions were unmixed using end-member modeling 
analysis (EMMA) – an eigenspace decomposition with different scaling procedures that 
extract genetically meaningful end-member grain size distributions (i.e., loadings) and their 
percentages in each sample (end-member composition, i.e., scores; Dietze et al., 2012). End-
members (EMs) can be interpreted in terms of sediment transport processes, and thus, char-
acterize typical depositional environments (following e.g., Folk and Ward, 1957).  
The 10th quantile (l = 0.1) was applied in the weight transformation after Dietze et al. 
(2012), which yielded the best unmixing and modeling results compared to other model 
configurations. The robustness of the resulting end-members was tested by different weight 
transformation and single section EMMA runs (results not shown). A normalized difference 
between the finest and coarsest end-members (i.e., EMdiff) was calculated as a proxy for rela-
tive lake level change – assuming that the finest particles deposit in calm, deeper water, 
while fractions coarser than silt settle close to the shore, shortly after entering the lake.  
4.2.3.4 RADIOCARBON DATING  
AMS dating of eight sediment sections was done at Poznan radiocarbon laboratory. Be-
cause pollen dating failed due to poor preservation, 14 bulk lake sediment samples, two 
charcoal remains, and three non-recrystallized (aragonite) Radix shells were dated. The po-
tential hard-water error for TOC was determined by dating the topmost samples of three 
lake cores, including their 2σ-errors (Opitz et al., 2012). The up-to-date absolute minimum 
and maximum hard-water errors for bulk sediment (i.e., 1920 and 2360 years, respectively) 
were subtracted from all bulk and snail 14C ages. Then, all samples were calibrated with 
IntCal09 (Reimer et al., 2009) in Calib 6.1.0 (Stuiver and Reimer, 1993). The absolute mini-
mum and maximum in the 2σ-ranges of the corrected and calibrated ages give a larger un-
certainty than usual after calibration, but represent a more realistic consideration of the po-
tential hard-water and reservoir effects. All mean ages mentioned in the text and figures 






4.2.4 RESULTS AND INTERPRETATION 
4.2.4.1 SEDIMENT SECTIONS AND RADIOCARBON DATING  
High-stand sediment sections were grouped according to relative elevation and loca-
tion. They are located at the outlet (P15, P04, P06), at the northern T3 shore (P02, P21, P14, 
P13) and at the eastern alluvial plain (P16, P17; Figure 4.2 and 4.3; Table 4.1).   
 
Figure 4.3: Sites of onshore lake high-stand sediment sections at the outlet (A, view to north), at the 
northern shore (B, E, F) and on the eastern alluvial plain (C, D). B shows the stratigraphy of section 







Table 4.1: General characteristics of onshore high-stand sediment sections at Lake Donggi Cona. 
*after Lockot (2010), **only for non-cryoturbated part 
Table 4.2 contains all dating results with 2σ-errors. All high-stand sediments were de-
posited between ~11.4 and ~3.5 cal ka BP (Figure 4.4). There are two main age clusters in the 
early and mid-Holocene. High-stand lake sediments accumulated at >8 m a.p.l.l. until ~7 cal 
ka BP in T4 (P15) and T3-terraces (P04, P02, P21, P14, and P13), while mid-Holocene lake 
sediments dominate lower elevations and are exposed in T2 (P06) and T1 terraces (P17). The 
highest section, P15, has an age of ~6.9 corr.cal ka BP, which is ~1.5 ka younger than an 
OSL-age of the loess at its top (section P063 at the base: 8.5 ± 0.8 ka, Stauch et al., 2012). The 
OSL-age coincides with a hiatus in lake sedimentation between 8.2 and 8.7 cal ka BP (Figure 
4.4). There are also stratigraphically inverted ages in P06 and P16. 
 
Table 4.2: Dating of high-stand sediments of Lake Donggi Cona. *Subtraction of absolute minimum 
and maximum 14C-years (hard-water correction, corr.) of topmost samples of cores PG-1900, -1901, -








Figure 4.4: Corrected and calibrated ages of high-stand sediments including error bars. Sections are 
separated by bold lines. Dated sample numbers refer to Table 4.2 (left axis) and are sorted by depth 
in each section. Remarks are added, when distinct sediment properties may bias the reliability of the 
age. The grey blocks in the background show the associated onshore terrace (right axis, Lockot, 
2010). Red and blue crosses mark the median and mean ages. *OSL-age P063 for comparison (Stauch 
et al., 2012) 
4.2.4.2 CLASSIFICATION OF DEPOSITIONAL ENVIRONMENTS 
All sections show several sedimentation unconformities (“U” in Figure 4.5), and have 
sub-catchment-specific sedimentation rates and grain sizes. Figure 4.5 shows generalized 
section sketches with depositional zones assigned to three sediment facies that represent 
different depositional environments along the littoral zone (Figure 4.6). Sites are too hetero-
geneous to integrate them in one “composite” section, but they can be preliminarily corre-
lated using the elevation, ages, and characteristics of deposited sediments and their post-
depositional overprint. 
Sediments of Facies I bear a platy structure, high clay and carbonate contents, grayish-
green or whitish-blue color with post-depositional oxidized spots. Radix and Gyraulus snails 
are common. Facies I can be found in all sections except for P13 and P15 (Figure 4.5). A 
large part of P06 contains mm-thick, clayey and silty laminae. In P14, high amounts of car-
bonate tubes were found above and below a unique thin, dark layer at ~67 cm depth. At 





granular structure (Figures 4.5 and 4.6). Facies I is interpreted as lake sediment deposited in 
a deep water environment, below the wave-dominated zone (Figure 4.6). There, organic 
matter, carbonate precipitates, silt and clay can settle causing the typical platy structure, or 
even laminations. The black, organic-rich layer in P14 could represent short-term sapropel 
deposition.  
Facies II sediments are generally loose, well-sorted, mainly sandy, coarser deposits that 
are found in most sections. In section P21, for example, the fine sands at the base and the 
shingle bedding of cobbles at ~165 cm depth are assigned to this Facies (Figure 4.5). Facies II 
is interpreted as littoral sediment (Figure 4.6); silts and clays are washed out and distribut-
ed by currents within the lake.  
 
Figure 4.5: Generalized stratigraphic descriptions of the Donggi Cona high-stand sediment sections, 
including absolute position above sea level, Facies, interpreted lake level implications, and mean 
corrected, calibrated radiocarbon ages (BP, cf. Table 4.2, Figure 4.4). They are sorted by location and 
elevation of the section tops. Unspecified colors represent strata colors. 
Depending on the site, sediments of Facies III show a more heterogeneous structure 
with either: a) cemented or loose, horizontally-bedded gravels (e.g., at the base of most sec-
tions, as well as at ~60, 140 and 190 cm depth in P21); b) unconsolidated sandy material 





c) silty-sandy cross-laminations (e.g., 190-230 cm depth in P14, Figure 4.5). Facies III is in-
terpreted as fluvial sediment, which is generally coarser than lake sediment, even in the 
littoral zone. The heterogeneity of this Facies results from diverse processes comprising 
confined (in-channel) and unconfined (out-of-channel, alluvial) sediment transport (North 
and Davidson, 2012). Loose layers of soft, silty aeolian sediment cover most of the sections. 
They were deposited on the slopes and reworked by unconfined overland flows during 
intense summer precipitation. As there was no in-situ loess in or on top of the sections, the 
dominant sedimentation process is assumed to be alluvial.  
 
Figure 4.6: Examples for strata of different sediment Facies and their association with a terrestrial, 
littoral or lake depositional environment. The lower row shows strata that are overprinted by 
pedogenesis, cryoturbation, and ongoing active layer mixing (left to right). 
Post-depositional overprint by pedogenesis, bio-, and cryoturbation varies slightly be-
tween sites. The topmost sequences always have a brownish or dark coloration, and some-
times translocated carbonate and clay. These are interpreted as the initial stages of 
Kastanozem- or Cambisol-like soils at dry, steppe sites (Miehe et al., 2008). Intense root 
penetration and animal burrows (e.g., Ochotona spec.) indicate sediment mixing, throughout 
section P14 and at section P15. Ongoing active layer mixing created a typical cryogenic 
granular structure in Facies I, especially at sites that are connected to groundwater (e.g., 
sections P04, P16, and P17 (grain sizes not analyzed). 
In section P02, intense post-depositional deformation and involution affect sediments of 
all Facies between 48 and 180 cm depth, including the gravel layers (Figure 4.3B). Although 





liquefaction in formerly near-shore, water-saturated sediments they are instead attributed 
to past periglacial mixing (cryoturbations).  
An ambiguous zone in P14 between 100 and 190 cm depth contains involutions of fine 
sediment, burrows, and roots, with a distinct change from Facies III to II at 130 cm depth. 
Neither past cryoturbations, nor fluvial reworking (Figure 4.3F) can be excluded as defor-
mation mechanisms for this zone. 
4.2.4.3 DETRITAL GRAIN-SIZE END-MEMBERS  
EM 1 has a broad mode in the coarse and medium sands with a maximum at 715 μm in 
its loadings (Figure 4.7A). It contributes to the sample compositions (i.e., scores) mainly at 
the base of the sections and in the coarse sediments of Facies III (e.g., 10% in the matrix ma-
terial of P21 gravel layers, 80% of the P02 coarsening-upwards layer, Figure 4.8). EM 1 is 
interpreted to contain grain sizes that are deposited by high-energy fluvial transport, 
though it is also found in littoral sediments that are affected by high-energy wave activity. 
EM 2 has a narrow peak in the very fine sand (mode at 76 μm). It has high scores in the 
fine sediments of Facies III (e.g., ~210 cm in P14, bases of P21, P06, and 20% of the coarsen-
ing-upward layer in P02). Hence, EM 2 represents sediment from low-energy unconfined 
alluvial flow, i.e., fine sand is deposited when flow velocity reduces, while finer particles 
are washed farther down into the lake. An aeolian origin for EM 2 is excluded, as it is too 
fine to represent dune sand, which would be similarly narrow-peaked but in a coarser 
range (Sun et al., 2002). Furthermore, dunes are unlikely to occur at the position of the in-
cluded sections (IJmker et al., 2012a).  
The coarse silt EM 3 has a narrow peak at 44 μm, while EM 4 shows a broad mode in the 
fine silt (maximum at 13 μm). Both are present in most of the samples with fractions of 30 
±24% and 31 ±19%, but it is found mainly at the top of the sections (Figure 4.8). EMs 3 and 4 
are interpreted as aeolian deposits. EM 3 has the same mode as loess from the TP (Sun et al., 
2007), which is transported in short-term suspension by near-surface, mainly winter mon-
soonal circulation (Sun et al., 2002; IJmker et al., 2012b). EM 4 represents background sedi-
mentation of remote dust. EM 3 and EM 4 dust can be reworked along the slopes and reach 
the lake in fluvial suspension, but can also be trapped in ice off-shore (Dietze et al., 2012).  
The finest grain size end-member, EM 5, has a broad mode in the clay fraction at 3.5 μm 
(Figure 4.7A). EM 5 is generally high in the strata of lacustrine sediments and low in fluvi-
al/alluvial sediments. Hence, EM 5 is interpreted as the finest suspension that reaches deep-





dominated zone; Figure 4.6). EMs 4 and 5 are the robust end-members in modern lake sur-
face sediments (Dietze et al., 2012).  
EMdiff, the normalized difference of the low-energy fluvial EM 2 and the suspension EM 
5, shows a similar but more pronounced pattern than EM 5, and can be readily interpreted 
as a proxy for lake depth.  
 
Figure 4.7: End-member loadings of all high-stand sediment grain size distributions (A). Mean total 
r² of data modelled with five end-members versus original data in variable (B) and sample space 



















Figure 4.8: End-member scores, normalized difference of EM 2 and EM 5 (EMdiff = (EM 2 – EM 
5)/(EM 2 + EM 5)), and their relation to field stratigraphy. Grey bars refer to sediment facies and 
relative lake level assumption (see Figure 4.5 for legend). P15 and P06 are sections at the outlet (A), 
and P02, P21 and P14 are sections at the northern shore (B). 
4.2.4.4 LAKE LEVEL RECONSTRUCTION FROM SEDIMENT FACIES 
When lacustrine, littoral/near-shore, or fluvial/alluvial sediments are identified using 
field observations and EMMA, phases of higher, similar, or lower lake levels are assigned 
relative to the present elevation of sediment in sections (Figure 4.5 and 4.8). Furthermore, 
post-depositional pedogenesis, bioturbation, and cryoturbation point to a lower lake level 
after deposition. For example, in section P02, cryoturbations distorted all sediments be-
tween 48 and 180 cm depth. Permafrost deforms sediments, when sufficient water is availa-
ble, especially at sites with imperfect drainage (Van Vliet-Lanoë, 1998). Below 180 cm depth, 
sediments consist of a high percentage of sand (EMs 1 and 2), which would have allowed 
good drainage if the water level was much lower. Hence, it is assumed that a lake level ele-






Interpretation of Facies and depositional environments, as well as respective elevation is 
especially difficult for the ambiguous, fine-grained strata marked with “?” in Figure 4.5. 
Some strata contain sediments with platy structure, but high silt content and low amounts 
of suspension EM 5 (e.g., ~95 cm in P04, P14; Figure 4.8), as well as redoximorphic features 
(e.g., at ~80 and 110 cm depth of P02), and gastropods (e.g., P14 at 140 cm). An explanation 
is that littoral and near-shore environments can host fine-grained sediments of all Facies 
depending on the position along shore. Additionally, the presence of gastropods generally 
indicates near-shore conditions, but Radix spec. can also develop in small riverine and beach 
lagoons (Taft et al., 2012), independent of a large permanent lake. Alternatively, some strata 
contained high amounts of suspension EM 5 but lacked other Facies I features (e.g., P14 at 
295 cm). However, wave action, fluvial deltas, and backshore configurations vary strongly 
between sites in this heterogeneous setting (Dietze et al., 2010), and a littoral deposit may 
lack typical, representative grain size end-members. Finally, other strata have been over-
printed post-depositionally, convoluting their original depositional characteristics (e.g., P02, 
P14 and the top of P21). Hence, all of the ambiguous strata are tentatively assigned to the 
littoral zone or a deeper lake environment and, therefore, lake level reconstruction is also 
tentative.  
Inverted ages may result from reworking of older material during lake level change or 
from varying hard-water contribution across time and space, which can only initially be 
considered here. High percentages of limestone in the catchment, and probably old CO2 
from groundwater, bring dead carbon into the system. The inverse ages in P06 – a section 
close to a limestone ridge at the outlet – may be related to hard-water effects, as there are no 
significant stratigraphic or granulometric differences in this depth range. Another likely 
explanation considers random mixing by tectonic shaking of saturated and unconsolidated 
sediments. However, no obvious signs for tectonic influence (e.g., vertical faults, or (mi-
cro)kinks in the sediments, Van Vliet-Lanoë, 1998) were found in any of the sediments. 
An underestimation of bulk sediment ages may result from modern fine roots, bio- 
and/or cryoturbation that contribute younger atmospheric carbon to the sediments (sym-
bols in Figure 4.4). Section P17 may suffer from all these effects. P16 has a similar intense 
cryogenic granular fabric and is much younger than sections at the same elevation. Neither 
is considered in the discussion. The ages of the root-rich, near-shore sediments in P15 and 
P02 might be ~2 ka older due to the age of the overlying loess (Stauch et al., 2012), and cor-





(top of P14, no. 10; Figure 4.4), respectively. Only unbiased ages and their large uncertain-
ties were included in the following chronology (Figure 4.9). 
4.2.5.1 CHRONOLOGY OF LAKE LEVEL CHANGES 
The high-stand sediments are in agreement with the lake-core stratigraphy of Opitz et 
al. (2012). Their litho-unit 3 represents the time interval presented here, which can now be 
resolved in more detail.  
Early Holocene (~11.4 to 6.8 cal. ka BP) 
After the Younger Dryas, the lake level was fluctuating, but rising overall: at ~11 cal ka 
BP, littoral sediments intercalated with lacustrine and fluvial/alluvial sediments, forming 
the base of P14 and P02 at a minimum elevation of 7.1 m a.p.l.l. (Figure 4.4: age no. 7, 12). A 
discontinuous rise in lake level between ~10.5 and 9.8 cal ka BP is inferred from lacustrine 
and littoral sediments accumulated at the base of all northern shore sections and P04 at the 
outlet. Strong fluctuations in lake level and reworking of older sediment may be responsible 
for the inverted ages in P02. A prominent lake level drop around 10 cal ka BP is indicated 
by a clear erosional surface followed by a zone of reddish alluvial sediment at 180 cm depth 
of P02 (at 8.2 m a.p.l.l.). In P04 and P14 a thin gravel layer at 140 and 240 cm depth (8.1 and 
8.7 m a.p.l.l.), respectively, and the first gravel/shingle phase in P21 (130-200 cm depth, ~8.5 
m a.p.l.l) might coincide with this lower lake level.  
Subsequently, lake level rose rapidly, with apparent fluctuations allowing deposition of 
near-shore sediments intercalating with fluvial Facies at 9 to 10 m a.p.l.l. (e.g., P02-
sediments at 50-180 cm depth, up to 20 cm in P21). Starting at ~9.8 cal ka BP, this rise prob-
ably lasted a few centuries until ~8.7 cal ka BP, as the small base-top age differences in P02 
and P21 suggest (Figure 4.4: age no. 4-7, 8-9). The highest lake levels (16.5 m a.p.l.l.) are ten-
tatively assumed around 9.2 cal ka BP from associated lake sediments found in the 
cryoturbated strata of P02 (Figure 4.4: age no. 4) and from the OSL-age of the loess on top of 
the highest section P15. An upper erosional boundary is prominent in all northern shore 
sections (e.g., the thin pebble layer in P02 at 47 cm depth and a shift to cover sediments in 
P04 and P21). Hence, a significant lake level decline took place after this first lake maxi-
mum. 
In P14, a distinct boundary between lacustrine and low-energy floodplain sediments 
(high scores of EM 2) occurs at 230 cm depth. The 1-m-thick floodplain sediments were de-
posited during a time of lower lake levels. They may contain a phase of lacustrine sedimen-





when the lake shifted to a lower level it is possible that dynamic fluvial activity, coupled 
with a much larger catchment than at P02 and P21 (Figure 4.2), intensively eroded sedi-
ments of the previous high stand, leaving behind only the thin lacustrine layer at ~235 cm 
below the floodplain sediments (i.e., at ~8.75 m a.p.l.l.).  
A prominent lake level drop likely occurred at ~8.7 cal ka BP. So far no lacustrine sedi-
ments have been dated that were deposited between ~8.7 and 8.2 cal ka BP (Figure 4.4). In-
stead, P02-sediments are intensively cryoturbated, supported by saturated sediments be-
low, which provided the water for frost action. Therefore, the lake level was probably at an 
elevation close to ~8 m a.p.l.l. Slightly cooler conditions are suggested by a short-term re-
duction in offshore TOC and biological activity (Aichner et al., 2012). At the same time, the 
floodplain sediments in P14 may have accumulated (above 8.8 m a.p.l.l), supporting the 
idea that the local river bed was slightly above 8 m a.p.l.l. However, as discussed above, 
these sediments might be much older, and the distortions seen in the ambiguous zone could 
be dominantly of cryogenic origin, similar to P02. Regardless, all explanations suggest a 
lower lake level after the lake maximum. 
After ~8.2 cal ka BP, another significant lake extension led to the accumulation of lake 
sediments that overlie the distorted strata in P02 and comprise the topmost lake sediment in 
P14. This lake stand at ~7.5 cal ka BP (Figure 4.4: age no. 10) reached far into the transverse 
valley, to a minimum of 10.6 m a.p.l.l. in section P14. However, because there are no higher 
lake sediments at other sites with unbiased ages or similarly clayey sediments, as found in 
P14, a secondary lake maximum likely occurred at this time (Figure 4.9). The sapropel layer 
in P14 has probably formed during a slight lake reduction (see EMdiff, Figure 4.8) during 
times of high biological productivity at ~8 cal ka BP (offshore TOC maximum, Aichner et 
al., 2012). Lacustrine sedimentation also commenced at the outlet at ~7.8 cal ka BP (P06 
base, Figure 4.5). 
Mid-Holocene (6.8 – 4.3 cal. ka BP) 
A further lake level decline to below 10 m a.p.l.l. caused the topmost transition from 
lake to alluvial sediment in P02, P13 and P14. Compared to the lake decline at ~8.5 cal ka 
BP, this sequence has not been overprinted post-depositionally by cryoturbation, suggest-
ing either different climatic conditions, or a decoupling of the topmost sediments from as-
cending water. To date, there are no further recognized lake sediments in T3 or T4 terraces 
with unbiased ages younger than 7 cal ka BP. Hence, this lake decline might coincide with 
the abrupt lake opening at ~6.8 cal ka BP, when ostracods in offshore lake sediments 





However, massive, finely laminated lake sediment accumulated at P06 in the T2 terrace 
(Figure 4.8), even after this transition. The only sedimentological indication for a lake open-
ing at this site might be the reduction of EMdiff and an increase in aeolian activity (dust 
EMs) between 143 and 170 cm depths.  
Afterwards, EMdiff suggests a lake rise to a level slightly lower than before. The inverted 
ages in P06 after this transition may suggest either a change in the hard-water nature of the 
lake, or a reworking of some older organic material. After ~5 cal ka BP the lake gradually 
reduced with some fluctuations (unconformity overlain by a sandy layer at 100 cm depth, 
and silty alluvial sediment at 45 cm depth; Figure 4.8). P06 top sediments still contain some 
detrital clay associated either with soil formation, or near-shore conditions, but consist 
mainly of (reworked) dust marking the end of high-stand sedimentation at a minimum ele-
vation of 4.3 m a.p.l.l. This transition might coincide with the suggested change in lake 
chemistry and stratification recorded at ~4.3 cal ka BP in offshore lake sediments (Opitz et 
al., 2012).  
4.2.5.2 SYNTHESIS 
Although a truly quantitative lake level reconstruction is restricted by the high spatial 
variability in the accumulation, erosion, and post-depositional overprint of the different 
sites, and the importance of water contributions from local sources (i.e., melt and ground 
water) is difficult to assess, the mechanisms involved in Lake Donggi Cona hydrological 
variations can now be discussed in a larger context. The basin-wide correlation of facies and 
lake level assumptions (Figure 4.10) can be compared to known patterns in Asian monsoon 
precipitation. Both the Indian and East Asian monsoons may have dominated the site. 
However, in a comparison with several monsoon reconstructions (not shown) the pattern of 
an Indian monsoon proxy record, i.e., the δ18O of Oman speleothems from Fleitmann et al. 
(2003) (Figure 4.9) showed trends similar to this study. Additionally, Wang et al. (2010) 
found that the Indian monsoon was the dominant influence at the TP during the early Hol-
ocene. 
The trend of rapidly rising lake level correlates well with the trend of increasingly 
warmer and wetter conditions during the early Holocene. These resulted from stronger 
Asian monsoons and are related to the Northern Hemisphere insolation maximum (e.g., 
Fleitmann et al., 2003; Dykoski et al., 2005). As a result, lakes extended all over the TP dur-
ing the early Holocene, fed also by melting glaciers, permafrost (Mischke and Zhang, 2010), 
and increased fluvial activity (Schlütz and Lehmkuhl, 2009). The ~16.5 m a.p.l.l. maximum 





timing of the ‘Holocene Optimum’ and maximum lake levels varied between sites across 
Tibet (Mischke et al., 2009; Wang et al., 2010). Lake high-stands during the early Holocene 
are reported, e.g., from Lake Qinghai (~200 km north-east of Donggi Cona, +8-12 m prior to 
8.4 cal ka BP, Madsen et al., 2008), Selin Co (+48 m at ~9.2 ka, Li et al., 2009), and others 
(Lehmkuhl and Haselein, 2000).   
Lake Donggi Cona may have responded to the prominent centennial cooling and drying 
at ~8.5 cal ka BP described at various sites around the world (e.g., Rohling and Pälike, 2005; 
Wanner et al., 2011). Between ~8.2 and 8.7 cal ka BP, intense cryoturbations at site P02, 
probable floodplain deposition at the second largest inflow (P14), and incision at many sites 
took place (e.g., probably formation of T4-lake terrace). However, the cooling’s impact and 
timing on the TP are debated (Morrill et al., 2003; Jin et al., 2007) and it is only recognized at 
some sites in Tibet between 8.7 and 8.2 cal ka BP (e.g., W-Tibet: Gasse et al., 1991; central 
Tibet: Herzschuh et al., 2006; Lake Qinghai: Colman et al., 2007; E-Tibet: Mischke et al., 
2008), suggesting site-specific response times.  
The trend of rapidly rising lake level correlates well with the trend of increasingly 
warmer and wetter conditions during the early Holocene. These resulted from stronger 
Asian monsoons and are related to the Northern Hemisphere insolation maximum (e.g., 
Fleitmann et al., 2003; Dykoski et al., 2005). As a result, lakes extended all over the TP dur-
ing the early Holocene, fed also by melting glaciers, permafrost (Mischke and Zhang, 2010), 
and increased fluvial activity (Schlütz and Lehmkuhl, 2009). The ~16.5 m a.p.l.l. maximum 
of Lake Donggi Cona at ~9.1 cal. ka BP correlates with this pattern. However, the onset and 
timing of the ‘Holocene Optimum’ and maximum lake levels varied between sites across 
Tibet (Mischke et al., 2009; Wang et al., 2010). Lake high-stands during the early Holocene 
are reported, e.g., from Lake Qinghai (~200 km north-east of Donggi Cona, +8-12 m prior to 
8.4 cal. ka BP, Madsen et al., 2008), Selin Co (+48 m at ~9.2 ka, Li et al., 2009), and others 
(Lehmkuhl and Haselein, 2000).  
Donggi Cona again reached a level of ~11.5 m a.p.l.l. at ~7.5 cal ka BP, correlating with a 
maximum in monsoon intensity (e.g., Fleitmann et al., 2003; Figure 4.9). Lake Kuhai, around 
40 km to the east of Lake Donggi Cona, reached its highest levels between 12.8 and 7.1 cal 
ka BP (Mischke et al., 2009). Several other lakes reached their maximum extent during the 
Mid-Holocene (e.g., Lake Koucha ~230 km SW of Lake Donggi Cona, Mischke et al., 2008) in 
accordance with the dominance of the East Asian monsoon on the TP (Wang et al., 2010), 








Figure 4.9: Higher than present lake-level phases at Lake Donggi Cona compared with the lake-core 
proxies, ages of loess on top of onshore terraces, and Indian monsoon-dominated δ18O of Oman 
speleothems in the background (Fleitmann et al., 2003). *Opitz et al. (2012); **Mischke et al. (2010); 
***OSL ages of loess sections on lake terraces, Stauch et al. (2012). 
 
After 7 cal ka BP Asian monsoon intensities gradually decreased (Fleitmann et al., 2003). 
This led to a transition towards a cooler and drier late Holocene at around 4.5 cal ka BP that 
can be observed globally (so-called “Neoglacial”, e.g., Wanner et al., 2011) and across the TP 
(e.g., Colman et al., 2007; Mischke and Zhang, 2010, Wünnemann et al., 2010). Similarly, this 
transition might be reflected by a basin-wide change that is prominent in most offshore lake 
sediment proxies between 3.9 and 4.7 cal ka BP (Opitz et al., 2012) and is associated with the 
gradual lake decline seen in section P06. Donggi Cona lake level fell permanently below 4.3 
m a.p.l.l. after ~4.7 cal ka BP. This climatic transition towards drier conditions could have 
allowed a deeper incision of the outflow, probably associated with a reduction of alluvial 
aggradation there and the initiation of T2-terrace formation. Incision probably stopped at 
the level of T1, which was formed prior to the artificial extension of the outlet in the 1970s 
(Lockot, 2010).  
However, as in other Tibetan lake catchments, the Donggi Cona area is affected by ac-
tive tectonic and geomorphological dynamics that can randomly intensify or weaken the 
sedimentological response to climatic change significantly, possibly invalidating hydrologi-





cesses. One is the fluctuation during the early Holocene lake level rise. It can hardly be cor-
related between different high-stand sections, and may instead be associated with varying 
melt-water contributions and distinct adaptations of the sub-catchments to the changing 
climatic conditions (e.g., sediment mobilisation, interaction with changing vegetation, and 
permafrost thawing). The site most sensitive to such variations is the outlet spillway that 
could have randomly been eroded or blocked by the large alluvial fan from the north (Fig-
ure 4.3A). 
Another feature is the abrupt opening of Lake Donggi Cona as reflected by ostracod as-
semblages at ~6.8 cal ka BP (Mischke et al., 2010). A tectonic and/or geomorphological event 
is more likely responsible for the change than hydrological and climatic drivers. On- and 
offshore lake sediment cores show short-term excursions in sedimentological, mineralogi-
cal, and geochemical parameters at this time that may be linked to a short-term decline of 
lake level, probably incising T3 terrace. However, no consistent shift in stratification and 
geochemical processes took place (Opitz et al., 2012). The lake remained at a high level af-
terwards (5 to 7 m a.p.l.l., i.e., T2-level after Lockot, 2010). Furthermore, to date no signifi-
cant lake level decline or moisture reduction has been reconstructed for the north-eastern 
TP (Wang et al., 2010). A significant global cooling phase at ~6.3 ka rather occurred after the 
opening (Wanner et al., 2011, Figure 4.9).  
4.2.6 CONCLUSIONS 
Complex geomorphological and sedimentological processes interact in the littoral zone 
that can be recorded in onshore high-stand sediments. At Lake Donggi Cona, these sedi-
ments, while more discontinuous, provide a unique, multi-process archive of past lake level 
variations and associated sedimentological dynamics that are more diverse and detailed 
than profundal lake sediments. Stratigraphy, end-member modeling of grain size distribu-
tions, and radiocarbon dating considering hard-water uncertainty ranges, allowed quantifi-
cation of sediment transport processes and relative lake levels during times of deposition.  
Lake levels generally follow the trend of Asian monsoon dynamics, and are modified by 
local non-climatic drivers. During a warmer, wetter climate, Donggi Cona rose from its gla-
cial low-stands to above its present level (starting ~11 cal ka BP), reaching separate maxi-
mums during the early and mid-Holocene. A major cold and dry phase at ~8.5 cal ka BP 
caused a reduction in lake size and significantly overprinted the high-stand sediments by 
cryoturbation. The end of high-stand sedimentation correlates with the decline of monsoon 





However, Lake Donggi Cona is one of many lakes in an active tectonic setting. Its spill-
way can be affected by small-scale tectonic and geomorphologic processes that could cause 
the lake to outflow, incise, and erase information that is otherwise recorded. Such non-
climatic dynamics may explain the lake opening at ~6.8 cal ka BP, while sub-catchment spe-
cific processes may explain the spatial variations between sites during lake level fluctua-
tions at the beginning of the high-stand period. 
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5. SYNTHESIS  
This dissertation had two main foci. The first focus was to assess the sensitivity of the 
Lake Donggi Cona basin and its sediment cascade to climatic changes and to distinguish 
important driving factors of environmental change that play a role in the catchment. The 
second focus was the quantification of lake level changes and their relation to the responsi-
ble driving mechanisms in a larger context. 
5.1 LANDSCAPE SENSITIVITY AND THE LOCAL DRIVING FORCES 
For hydrological reconstructions, the sensitivity of the Donggi Cona lake basin mor-
phology and catchment-wide sediment cascade can be evaluated by considering the influ-
ence of different sediment components that affect the sedimentary record of the lake and its 
littoral zone. Human activity has apparently affected the landscape and hydrological pro-
cesses in only a minor way. It must be taken into account for the reconstruction of the aeoli-
an cycle in the catchment and aeolian sedimentation in the lake during the last 2000 to 3500 
years (Schlütz and Lehmkuhl, 2009; Stauch et al., 2012) – a sediment mobilisation that was 
probably independent of water level changes. However, for the late Quaternary prior to this 
period only geomorphological, tectonic, and climatic impacts on hydrological changes are 
discussed from here forward. 
5.1.1 BASIN MORPHOLOGY AND THE LITTORAL ZONE 
Analysing the basin morphology and sediment architecture of a lake is a powerful tool 
to assess the evolution of a lake basin, though it was studied only at a few sites on the Ti-
betan Plateau (e.g., Schütt et al., 2008; Daut et al., 2010). The Donggi Cona lake basin and its 
littoral sedimentary environment are very heterogeneous in structure, which complicates in-
terpretation of the sedimentological inventory, especially the grain size patterns of the lake 
sediments. Because the lake resides in a pull-apart-basin at the Kunlun fault, the deepest 
part of the lake is not at its centre, as would be optimal from a palaeolimnological point of 
view, but instead is located in the western sub-basin, close to the steep limestone mountain 
ridge at the southern shore (Chapter 2.4.1, Dietze et al., 2010). Sediment structures at this 
position could be disturbed by slumping from the steep southern rim of the graben and, 
therefore, studying cores from this position was not advised.  
Undisturbed stratified lake sediments are not distributed evenly within the lake basin. 
They cover the flat morphological levels restricted to certain water depths (Chapter 2.4.2, 
Dietze et al., 2010). Hence, studied sediment cores cluster at 30 to 35 m water depth (Opitz 





that could remobilise and redistribute unconsolidated sediment that was previously depos-
ited in shallower areas (Chapter 3.6.2, Dietze et al., 2012). From measurements of oxygen 
availability in the water column, it was inferred that the lake is fully ventilated during 
summers (Mischke et al., 2010a), though ventilation probably started 4.5 ka ago, when also 
sediment distribution by water currents changed (Opitz et al., 2012; Opitz et al., in review).  
Furthermore, the depositional environments along the Donggi Cona shore vary strongly 
in relation to sub-catchment morphology and lithology, including many different shore 
types – from direct contacts of lake with bedrock with narrow bars of gravelly material, to 
fine-grained and even clay-rich lagoons along flat backshores. Large onshore areas are also 
prone to permafrost activity, which can buffer the climatic response of the hydrological and 
sediment cycle, whereas pedogenesis, despite providing valuable post-depositional envi-
ronmental proxies, may overprint the sedimentary records onshore as well, complicating 
the reconstructions of lake levels. Both buffers within the Donggi Cona sediment cascade 
were discussed in Chapter 4.2 (Dietze et al., 2013). 
Age control of sediment deposition along the shore and in the lake is also complicated 
by the catchment configuration. High percentages of 14C-dead limestone, the 14C-depleted 
wetland on the eastern alluvial plain, varying inflows from heterogeneous sub-catchments, 
and 14C-dead CO2 rising from faults and groundwater have to be considered as sources of 
error in radiocarbon dating of bulk sediments (cf. Hou et al., 2012). Hard-water errors of the 
shore sediments may be more heterogeneous than those of sediments from the mixed deep-
er lake. To account for these uncertainties, as well as for potential changes of the reservoir 
effect in the past, larger than usual error ranges of similar probability were calculated for 
dating the onshore high-stand sediments using a modern calibration approach (Chapter 
4.2.3.4, Dietze et al., 2013).  
Despite these ambiguities, some wide, flat reaches, mainly along the northern shore, 
preserved valuable onshore terraces and high-stand sediments that recorded past hydrolog-
ical variations. Such a littoral archive is rare at other sites; hence, the littoral zone of Lake 
Donggi Cona can still be seen as a highly sensitive and comprehensive record of even slight 
changes in the driving forces of environmental change (climate, tectonic, man). Therefore, it 
was a key region to study hydrological variations in the Donggi Cona catchment. 
5.1.2 IMPACTS FROM THE CATCHMENT  
Together with direct precipitation and runoff, glacial meltwater is seen as the most im-





catchment, glaciers are absent under modern climatic conditions. However, glacial land-
forms (i.e., cirques, kame terraces, and moraines) can be found in the northern catchment, at 
the outlet and close to the north-western Donggi Cona shore, including a moraine that 
seems to be associated with a Gilbert-type delta within the lake (Chapter 2.5.2, Dietze et al., 
2010).  
The reflector of the sandy Gilbert-type delta topsets found below the -24 m level could 
have resulted from meltwater input from the end of the last glacial stage (Chapter 2.5.3, 
Dietze et al., 2010), based on a comparison with the ~18.5 cal. ka BP old base of sediment 
core PG1790 (Opitz et al., 2012). However, results of 10Be exposure dating of the onshore 
moraines yielded ages of 90 to 100 ka (H. Rother, personal communication, July 2012). Then, 
the at least 40 m thick sediment sequences and multiple stacked delta sediments below the  
-39 m bathymetric level (Chapter 2.4.3, Dietze et al., 2010) may be associated with large 
amount of meltwater and sediment produced during deglaciation following the MIS 5 gla-
cial advance. In this case, the Gilbert-type delta on top could be related to a second glacial 
advance dated to MIS 3 and the final deglaciation 35 to 40 ka ago (exposure ages of cirques 
and moraines, H. Rother, personal communication, July 2012) – in close accordance with 
deglaciation in the Bayan Har mountains (Heyman et al., 2011). Evidence of a minor glacial 
advance during the dry MIS 2 is only found in the much higher, and still glaciated 
A’nyêmaqên Shan, where a small early Holocene advance has also been documented (Ow-
en et al., 2003).  
Hence, glacial meltwater input in the Donggi Cona catchment could have been much 
less important over the last 20 ka than previously thought. As a result, if the correlation of 
the seismic reflections with the sediment core base is correct, the Gilbert-type delta should 
actually consist of sandy periglacially weathered sediment transported after intense precipi-
tation events in hyperpycnal flows during the Pleistocene-Holocene transition. However, 
no analyses of past glaciations have been performed from the steep and much higher (up to 
5400 m a.s.l.) south-eastern part of the catchment, but morphological indications of past 
glaciations can be mapped from satellite data (G. Stauch, personal communication, July 
2012). Hence, meltwater input, via the large alluvial fan east of the lake, cannot be com-
pletely excluded for the Late Quaternary.  
The aeolian cycle does not affect the water level of Lake Donggi Cona directly, but has 
considerable influence on total detrital sedimentation in the lake and the reconstruction of 
hydrological changes. EMMA revealed that approximately 60 % of the modern lake surface 
sediment is composed of local and remote dust – similar to the amounts found in fossil 





ment could be washed into the lake by overland flow along the slopes or trapped in ice 
cracks on the lake, as observed in winter 2007, leaving a rather random fingerprint of silty 
material in the lake (i.e., no significant relation with water depth). Sandy material can be 
transported onto the lake ice by intense winds during the winter as well, and sink into the 
lake following melt in the spring, overprinting the common association of sand with near-
shore or littoral conditions (Chapter 3.6.2, Dietze et al., 2013). 
The heterogeneous detrital sediment input and effective in-lake sediment mixing com-
plicate the interpretation of sediment proxy records, especially grain size distributions in 
the classical sense (i.e., fines would dominate in the centre and coarse material at the shore). 
With these constraints in mind, the interpretation of grain size distribution using the newly 
developed EMMA focuses on the differentiation of grain size end-members that can be ex-
plained by distinct sediment transport processes. Transport processes can only tentatively 
be related to a certain water depth (Chapter 3.6.2, Dietze et al., 2012). However, two particu-
lar grain size end-members, with main modes in the clay and medium silt fractions, are a 
robust feature of the Donggi Cona lake sediments – not only at the modern lake bottom 
(Chapters 3.5.3, 3.6.2, Dietze et al., 2012), but also in fossil onshore lake sediments (Chapter 
4.2.4.3). Sedimentation of these two end-members can only result from suspension within a 
calm water column. The normalized difference between a fluvial-transported end-member 
and the robust lacustrine clay end-member from onshore high-stand sediments can then be 
interpreted as a proxy for water level change (Chapter 4.2, Dietze et al., 2013).  
However, the settling of very fine particles can also occur in backshore or floodplain 
ponds and lagoons. Hence, reconstruction of water depth and lake level changes using 
granulometric methods is limited. Other methods or proxies are needed to clearly distin-
guish between a large water body (i.e., Lake Donggi Cona) and small littoral or fluvial la-
goons (e.g., ostracod assemblages, Mischke et al., 2010b). 
At Lake Donggi Cona, fluvial and alluvial processes have not been studied in detail yet, 
although they do play a major role in the composition of onshore high-stand sediments 
(Chapter 4.2, Dietze et al., 2013). Van der Woerd et al. (2002) discuss fluvial and alluvial 
terrace formation and incision along the Kunlun fault, based on early and mid-Holocene 
CRN and 14C ages (i.e., between 5 and 13 ka). At the Dongxi Co segment east of Donggi 
Cona, terraces had ages of 6.7 cal. ka BP, ~8.5 cal. ka BP, 11 cal. ka BP and ~37 14C ka BP 
(Van der Woerd et al., 2002). Even though the age of 6.7 cal. ka BP supports the theory that 
Lake Donggi Cona opened as a result of a seismic event (Chapter 4.2.5, Dietze et al., 2013), 





race formation coeval with times of fluctuating precipitation (incision in wet phases) and 
exclude a major response to vertical tectonic movements for the last 40 ka.  
Preliminary mapping of fluvial terraces on the large alluvial plain in the east of the lake 
shows that the elevation and number of fluvial terrace levels can be correlated with onshore 
lake terraces (G. Stauch, personal communication, December 2011). The correlation suggests 
lake water changes are the main control of local base level. 
5.1.3 TECTONIC IMPACT 
Nevertheless, terrace incision and base level changes related to tectonic movements are 
very likely along an active major fault system. The high fluvial terraces, up to several tens 
of m above the modern river bed, downstream of Lake Donggi Cona, are an impressive 
example that may indicate strong backward erosion of the Qaidam basin tributary in re-
sponse to the uplift of the northern Tibetan Plateau (Wang et al., 2009).  
Two types of tectonic impact have to be distinguished: a direct impact via subsidence 
and vertical displacement along the Kunlun fault, and an indirect impact via shaking and 
horizontal displacement. The direct impact of subsidence from the ongoing extension of the 
lake basin may explain the thickness of stacked delta sediments at the northern rim of the 
deep graben in the western sub-basin (Chapter 2.5.3, Dietze et al., 2010), and may lead to an 
exaggeration of the onshore terrace elevations. Lockot (personal communication, spring 
2012) compared onshore terrace section elevations in relation to the assumed fault pattern 
and found vertical displacement north and south of the major course of the Kunlun Fault 
that differed between terrace generations. He concluded that post-genetic sedimentation 
processes, rather than vertical tectonic activity, were responsible for this displacement. 
Van der Woerd et al. (2002) reconstructed a horizontal slip rate of 11.5 mm/year for the 
Kunlun fault and estimated the apparent vertical throw along the fault to be 0.085 % of the 
sinistral displacement from fluvial terrace offsets. Hence, a mean vertical displacement of 
0.88 m within 9000 years should be considered (9 cal. ka BP was the assumed lake level 
maximum; Chapter 4.2.5, Dietze et al., 2013) or 1.96 m for the time recorded in the lake sed-
iment cores (i.e., last 20 ka; Opitz et al., 2012). This is within the uncertainty range of terrace 
surveys (Lockot, 2010) and relatively low considering onshore terrace elevations of up to 
16.7 m, and a mean step height of at least 40 m between graben base and the most promi-
nent morphological level at the 39 m water depth. Though ~1 cm/ka seems to be a mini-





potential extensional forces, vertical tectonic displacement apparently plays only a minor 
role within the timescales considered here.  
The indirect tectonic influence seems to be of greater importance. Tectonic shocks could 
efficiently mix unconsolidated lake sediments and alter the sediment structure by slumping 
and reworking of sediment (Chapters 2.4.2, 4.2.5.2, Dietze et al., 2010, submitted) that is 
difficult to identify in the sedimentary records. It is most likely the influence of tectonic 
movements, interacting with geomorphological dynamics that altered the lake spillway and 
modern outlet. The 1937-earthquake is recorded in the mole tracks north of the outlet, 
whereas the steep, inactive alluvial fans south of the outlet show a reversed bedding of 
gravels that suggest an old tectonic displacement. Hence, it is likely that the major fault line 
changed course from south to north, and could have ruptured the outlet on the way. 
Furthermore, earthquakes may have induced blocking of the outlet with alluvial fan 
material from the north and/or the south. Lockot (2010) calculated a minimum volume of 
870000 m³ of sediment necessary to dam the lake to a level of +10.1 m at the current outlet – 
a small size compared to Pleistocene valley fills in northern Tibet (Wang et al., 2009). 
In addition, random feeding of the lake with water and sediment from the large alluvial 
fan north of the outlet may have contributed to the lake water and sediment budget as well, 
although glacial meltwater may be excluded from the time of the Pleistocene-Holocene 
transition (H. Rother, personal communication, July 2012). In times of high precipitation 
and sufficient sediment availability (i.e., after the last glacial stage), the fan was aggradating 
and a blockage of the outlet was very likely (probably until at least 5.5 ka ago; G. Stauch, 
personal communication, April 2012). However, the aggradation and incision of this alluvi-
al fan needs further investigation considering the backward and lateral erosion, as well as 
erosion that is tectonically induced. 
5.2 HYDROLOGICAL VARIATIONS AT LAKE DONGGI CONA  
The Donggi Cona lake basin and littoral zone provide many morphological and 
sedimentological features related to past lake level changes. Delta sediments and morpho-
logical levels at 24, 39 and 57 m water depth indicate past lake low-stands, though only the 
uppermost level could be preliminarily dated to the last glacial stage (~20 ka) using the cor-
relation with a sediment core (Figure 2.6, Dietze et al., 2010). Sediment cores did not reach 
deeper into the seismo-depositional units, so the lower lake stages can only be assumed to 
be of older age and distinct delta sediments may be associated with past meltwater input. 
Four lacustrine terraces were found onshore at 3.5, 6.1, 10.1 and 16.7 m above the present 





of depositional changes during early and mid-Holocene lake high-stands (Chapter 4.2, 
Dietze et al., 2013). As a result, the variation in lake area and water volume for Lake Donggi 
Cona can be reconstructed quantitatively (Figure 5.1).  
It can be assumed that a lake has filled the Donggi Cona basin throughout the late, and 
possibly earlier stages of the Quaternary. During phases of dry and cold conditions, this 
lake probably survived with a drastically reduced lake volume (minimum of ~0.3 km³, Fig-
ure 2.7), in contrast to other lakes on the north-eastern Tibetan Plateau (e.g., Mischke et al., 
2008, 2009, 2010a), but similar to other large lakes, such as Lakes Qinghai or Nam Co (Lister 
et al., 1991; Colman et al., 2007). Lake Donggi Cona may have been fed by meltwater until 
as late as ~35 ka, but there is no direct evidence for the existence of glaciers in the catchment 
after this time.  
From comparison of the seismic and bathymetric studies with sediment cores (Opitz et 
al., 2012), it can be assumed that the lake filled the basin up to the -24 m bathymetric level at 
~19 cal. ka BP – the deposition time of the oldest recovered sediments. The lake had an area 
and volume of ~150 km² and 3.5 km³ during this stage (Figures 2.7, 5.1, Dietze et al., 2010). 
The first post-glacial lake level rise and sedimentation rates of around 65 cm/ka seem to be 
related to the warming at the end of the glacial period, after 17.5 cal. ka BP (clayey-silty 
laminites, Opitz et al., 2012). Some potential meltwater inflow from the southern catchment 
could have contributed to this lake level rise (cf. Chapter 5.1.2). The onset of the Asian mon-
soons and initial post-glacial warming, however, are generally assumed to have occurred 
later at ~14.5 ka ago, corresponding with the Northern Hemisphere Bølling/ Allerød (B/A) 
warm period (Dykoski et al., 2005; Colman et al., 2007; Wang et al., 2010), which is recorded 
in all studied north-eastern Tibetan lakes (e.g., Lakes Koucha, Kuhai, Qinghai, and 
Ximenco; Shen et al., 2005; Herzschuh et al., 2009; Zhang and Mischke, 2009; Wischnewski 
et al., 2011), but seems to be missing in Lake Donggi Cona (Opitz et al., 2012). 
Opitz et al. (2012) found the highest sedimentation rates of the last 20 ka (i.e., 177 cm/ka) 
between 13.8 and 11.5 cal. ka BP, which they attribute to a lake level decline and the Young-
er Dryas (YD) cooling phase. End-member modelling of grain size distributions of the sed-
iment cores indicates intensively fluctuating lake levels with short-term peaks centred at 
12.8, 12.2 and 11.8 cal. ka BP (PG1901 age model, own calculation). Further evidence for a 
cooling/drying period during the Younger Dryas phase remains scarce from adjacent lakes 
(Zhang and Mischke et al., 2009).  
A marked decline in detrital input and sedimentation rates was found in lake sediment 





ed deposition onshore (Chapter 4.2.5, Dietze et al., 2013) corresponding to the onset of the 
Holocene monsoon activity, in accordance with other sites in the region (e.g., Lister et al., 
1991; Morrill et al., 2003; Dykoski et al., 2005). Increased precipitation led to a rapid lake 
level rise during the early Holocene with minor, probably sub-catchment specific fluctua-
tions, culminating in the highest levels at ~9.1 cal. ka BP (Chapter 4.2.5, Dietze et al., 2013) in 
accordance with records from other Tibetan lakes (e.g., Lehmkuhl and Haselein, 2000; Mad-
sen et al., 2008; Li et al., 2009). The lake reached a volume of ~12.3 km³. No glaciers were 
present in the Donggi Cona catchment at that time and meltwater did not play any role in 
this lake level rise.  
In the Donggi Cona catchment enhanced sand and loess deposition was associated with 
rather wet conditions, when vegetation could act as efficient sediment trap, i.e., beginning 
~14 ka ago and culminating during the early Holocene (Stauch et al., 2012). After 9 ka, and 
during the mid-Holocene, runoff along the slopes caused reworking of aeolian sediments 
and transported silty material in suspension to the lake from mainly local sources (IJmker et 
al., 2012a). Therefore, aeolian deposits can be related to moister conditions, supporting the 
inference of higher precipitation rates from onshore lake high-stand sediments. This is, 
however, in contrast to the inferred relation between cold and dry periods and enhanced 
aeolian activity at the Chinese Loess Plateau, ~600 km north-east of Lake Donggi Cona, for 
example (Stauch et al., 2012). 
A short-term climatic reversal to cold and dry conditions at ~8.5 cal. ka BP is suggested 
from a lake level reduction, inferred from erosional unconformities, cryogenic sediment 
distortion, and a potential fluvial phase in the onshore high-stand sediments (Chapter 4.2.5, 
Dietze et al., 2013). Loess was deposited on the highest onshore terrace T4 (Stauch et al., 
2012), which could have been incised during that time. Though it is not discussed for the 
Lake Donggi Cona sediment cores, this onshore evidence for a cool/dry phase correlates 
with the global centennial cooling at ~8.2 ka (Rohling and Pälike, 2005). This event was also 
interpreted, e.g., from peat in the Nianbaoyeze mountains, and Lakes Qinghai and Koucha 
on the north-eastern Tibetan Plateau (Shen et al., 2005, Schlütz and Lehmkuhl, 2009, 
Mischke et al., 2008). Hence, a climatic explanation for this lake level decline, down to 
around 8 m a.p.l.l. (Figure 5.1, Chapter 4.2.5, Dietze et al., 2013), is very likely, but did not 
leave behind a recognizable onshore landform.  
A further secondary lake level maximum between ~7 to 7.5 ka may correspond to the 
formation of the tread of terrace T3 at ~10.1 m a.p.l.l. (Figure 5.1). Many lake records across 
the Tibetan Plateau suggest the maximum of the Holocene climatic optimum during this 





turned into a freshwater system, which is documented by a change in ostracod assemblages 
(Mischke et al., 2010a). The opening could have been caused either by a strong seismic 
event, or a geomorphologically-driven capture by lateral erosion from the large alluvial fan, 
allowing the spillway to be eroded prior to a deterioration of climatic conditions.  
After the outlet incision, the lake level probably stabilized at 6.1 m a.p.l.l. and the T3-
terrace was incised. At the same time the large alluvial fan at the outlet kept aggradating, as 
an OSL age of ~5.5 ± 0.5 ka from a sand lens in 188 cm depth suggests (G. Stauch, personal 
communication, April 2012).  
Around 4.5 cal. ka BP, a change in carbonate precipitation and lake stratification was 
documented in the lake sediment cores (Opitz et al., 2012) and no high-stand sediments 
were deposited thereafter. This change to a lower lake level probably stabilized at the T1-
terrace level at 3.5 m a.p.l.l. and corresponds to a further abrupt global transition (similar to 
the event at ~11.5 cal. ka BP, Morrill et al., 2003) towards drier and/or cooler conditions re-
flected at many sites in central Asia (e.g., reviews in Morrill et al., 2003; Wanner et al., 2011) 
that affected also Chinese society (Wu and Liu, 2004). 
The formation by incision of the lowermost onshore terrace generation (T1) probably 
occurred after the outlet was artificially altered by man in the 1970s (Lockot, 2010) – at the 
time when water demand in the Qaidam basin rose after the extension of agricultural areas, 
and when population grew in the Donggi Cona area. Except for this young human impact, 









Figure 5.1: Extents of Lake Donggi Cona and associated sedimentary and environmental processes. 
Evidence for lake high-stands after Dietze et al. (2010, submitted) and calculation of lake extents after 





6. CONCLUSIONS  
The dissertation presented here considered the sensitivity of the Donggi Cona lake basin 
and its sediment cascade to climatic changes by investigating the lake basin morphology, 
sedimentary processes in the littoral zone and the lake, as well as past water level changes. 
In general, to quantitatively reconstruct past hydrological conditions in a lake catchment it 
is essential to consider the lake basin and littoral morphology, as well as related sedimen-
tary processes, and a robust analysis of proxy data. 
Aeolian, fluvial/alluvial, littoral, and lacustrine sedimentation dominate the local sedi-
ment cascade. A meaningful analysis of grain size distributions helped to assess sediment 
transport processes from modern lacustrine and fossil high-stand sediments. Robust grain 
size end-members that represent the deep lake environment can be used to infer past lake 
level changes, assuming that the finest particles settle only in a calm water column. These 
are implications that can be transferred easily to other lake catchments and their sedimen-
tary environments.  
However, the heterogeneous geological and geomorphological catchment, shore, and 
basin configurations of Lake Donggi Cona complicated the interpretation of past lake level 
changes using granulometric data, and probably affected the uncertainty in radiocarbon 
dating, as well. Hence, further approaches and proxy data (e.g., geochemical data, ostracod 
assemblages) are needed to include and interpret ambiguous sediment strata in the lake 
level history, especially the complex section, P14. A better age control using different car-
bon fractions for 14C-dating or dating approaches independent of hard-water and reservoir 
effects (e.g., OSL dating of high-stand sediments) could help reduce the current large hard-
water uncertainties. 
Despite these ambiguities, Lake Donggi Cona seems to have been highly sensitive to 
past hydrological variations, although it is currently an open, freshwater system. Water 
level changes left a distinct fingerprint in the basin and littoral morphology, as well as the 
sediment architecture. Extensive lake level changes during the late Quaternary were rec-
orded, displaying previous lake stands ranging from 57 m below to 16.5 m above the pre-
sent lake level, corresponding to a change in lake area and volume of ~16 to 360 km² and 
~0.3 to 12.3 km³, respectively, or a range from ~4 to 180 % compared to the present volume 
(i.e., 229 km², 6.8 km³; Figure 5.1).  
Direct displacement of lake terraces below and above the present lake level caused by 
vertical tectonic movements seems to be negligible for the time scales considered here. In-





unconsolidated sediments, or in the effects that tectonics have on the configuration and ge-
omorphological processes at the lake’s spillway.  
Climatic impact seems to be the main driver of lake changes. Water supply to the lake is 
derived mainly from Asian summer monsoon precipitation and runoff. The lake was drasti-
cally reduced during cold and dry periods of the Pleistocene, but did not desiccate. Deeper 
delta sediments may be related tentatively to past, mid Pleistocene meltwater input. How-
ever, meltwater input seems to have played only a minor role in the lake level rise after the 
-24 m lake stand during MIS 2, starting at ~11.5 cal. ka BP. Lake Donggi Cona reached its 
highest levels during the early and mid-Holocene. Onshore high-stand sediments further 
indicate a short-term lake level decline at ~8.5 cal. ka BP and a general shift towards lower 
lake levels at ~4.5 cal. ka BP, in accordance with major global climate shifts. Local geomor-
phological and tectonic impacts on lake level changes further modified the initial lake level 
rise, and may be responsible for the opening of the lake system at ~6.8 cal. ka BP.  
Human impact played a minor role during the last 3500 years, when grazing could have 
started to affect aeolian sediment mobilisation (Stauch et al., 2012). Since the 1970s, lake 
level is controlled at an artificial outlet to provide water for the cultivated land of the 
Qaidam Basin. This human intervention not only led to the incision of the lowest onshore 
terrace (Lockot, 2010) but now alters the association of the present lake level to modern cli-
matic conditions, because discharge measurements at the outlet are not available. 
If further studies utilize quantitative reconstructions of past lake volumes to establish a 
local water balance model (e.g., as Morrill, 2004 did), then the lake stand prior to 1970 
should be used (i.e., the T1 level). However, hydrological and climatic data are sparse from 
that time period and a preliminary study using the downscaled, grid-based regional WRF 
climate model suggests some deviations of the Donggi Cona area compared to the nearest 
climate station Madoi, especially in the total amount and seasonality of precipitation (F. 
Maussion, personal communication, July 2012). Furthermore, several lines of error in esti-
mating past lake volumes need to be studied in more detail (e.g., DEM internal deviations, 
interpolation errors from calculating lake bathymetry, and ranges in reconstructed lake 
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9.1 END-MEMBER MODELING SCRIPT FOR MATLAB 
 
% % End-member modelling script published in Dietze et al., 2012 
% % by E. Dietze, A. Borchers & K. Hartmann (2009/2010) 
%  
% % Preconditions of input data:  
% % grain size classes as variables in columns with header row in 1st row, samples in rows 
with header column %% as 1st column, optional water depth (or e.g. depth in core) in 2nd 
column 
%  
% % Locations of necessary parameters 
% % 1. Constant sum value: c, line 35 
% % 2. Percentile weight for scaling and transformation: l, line 44 
% % 3. Loop (9A) to find optimal EM model: start line 91, end line 202 
% % Alternative: number of end-members for manual choice (9B): q, line 95. If 9A is active, 
put loop lines 91 %% and 202 in comment (%) (also lines 204 to 232) and remove comment signs 
from line 235 on  
 % % 4. Visualisation steps (no. 20 and 21 to 22) only reasonable for loop 
% % routine (9A) and manually chosen end-member number (9B), respectively 
  
%% 1. Import dataset 
clear all 
data = load('GSD.txt'); % data import including labels 
X = data(2:end, 3:end); 
[m,n] = size(X); % size of the matrix 
% X: (mxn) matrix with original data 
% m rows: observations (e.g. sample ID/ sites/ depths) 
% n columns: variables (e.g. φ classes of grain sizes) 
  
% for labelling 
phi = data(1,3:end)'; % variables 
dcs = data(2:end,1); % observations 
depth = data(2:end,2); % additional information from sampling 
  
% Scaling of data to constant sum 
c = 100;  
% c: scalar, value of constant sum  
  
for j = 1:m 
 X(j,:) = X(j,:) / sum(X(j,:)') * c;  
end 
% X: matrix with data scaled to constant sum 
  
%% 2. Weight transformation 
l = 4; 
% l: percentile weight after Manson & Imbrie (1964), Klovan & Imbrie (1971)  
% special case: l = 0 (Miesch, 1976)  
 for i = 1:m 
 for j = 1:n 
 h = prctile(X(:,j), l); 
 g = prctile(X(:,j), 100-l); 
 W(i,j) = (X(i,j) - h) / (g - h); 
 end 
end 
% W: (mxn) matrix with weight transformed data 
  
%% 3. Definition of the similarity matrix 
A = W' * W;  
% A: (mxm) matrix Gamma, i.e. minor product matrix after Weltje (1997)  
  
%% 4. Extraction of the eigenspace (Reyment & Jöreskog, 1993) 
[V,D] = eig(A);  
% V: (nxn) matrix with eigenvectors  
% D: (nxn) matrix with eigenvalues in the diagonal  
  
%% 5. Eigenvalues in column vector 
L = diag(D);  
% L: vector Lambda of size n which contains all eigenvalues from D  
  
%% 6. Calculation of eigenvalue proportions 
Ln = L / sum(L);  
% Ln: vector Lambda normalised, which gives the fraction of variance of the principal compo-
nents 
  
%% 7. Proportion of variance for decision on minimum number of eigenvectors 
Lv = cumsum(flipud(Ln));  
% Lv: vector Lambda cumulative, with cumulative fractions of the  
% eigenvector´s variance concerning the absolute variance of W 
  
%% 8. A plot for visualisation of Lv 
% serves for evaluating the proportions and how many factors are necessary  
figure(1) 
tickstep = 1:1:n; 
plot(tickstep, Lv), xlabel('Number of eigenvectors'), 





set(gca, 'XTick', tickstep) 
  
%% 9A. Loop for decision on maximum or optimal number of end-members 
for q = 2:n  
% start of loop depending on number of eigenvectors, if the loop is instable change to a 
number < n 
  
%% 9B. Definition of number of end-members (i.e. alternative to 9A) 
% q = 5;  
% q: number of end-members, manually defined from figure 1 (change q if goodness of fit is 
poor) 
  
%% 10. Creation of the rotation matrix (only the signal space is rotated) 
clear Vq % clear variables, necessary for alternative 9B 
Vq = rotatefactors(V(:,(n - q + 1):n), 'Normalize', 'off'); % default = Varimax 
% Vq: (nxq) matrix with rotated loadings 
 % Alternative: e.g. oblique rotation 
% VqObl = rotatefactors(V(:,(n - q + 1):n), 'Method', 'promax'); 
% Vq = VqObl; 
  
%% 11. Normalisation of factor loadings to interval (0,1) 
for k = 1:q 
 Vq(:,k) = Vq(:,k) / sum(Vq(:,k)) * c; 
 Vqn(:,k) = (Vq(:,k) - min(Vq(:,k))) / (max(Vq(:,k)) - min(Vq(:,k))); 
end 
% Vqn: (nxq) matrix with rotated, normalised, nonnegative loadings 
  
%% 12. Estimation of M (eigenvector scores) with nonnegative least squares  
clear Mq 
for i = 1:m 
 Mq(i,:) = lsqnonneg(Vqn, (W(i,:))'); 
end 
% Mq: (nxq) matrix with nonnegative eigenvector scores 
  
%% 13. Linear modelling of W  
clear Wq 
Wm = Mq * Vqn';  
% Wm: (nxp) matrix with modelled, weighted dataset after Weltje (1997) 
  
%% 14. Inverse transformation Vq to initial units by S (after Miesch, 1976) 
for k = 1:q  
 for j = 1:n 
 h = prctile(X(:,j), l); 
 g = prctile(X(:,j), 100-l); 
 S(k) = (c - sum(h)) / (sum(Vqn(:,k) * (g - h))); 
 end 
end 
% S: scaling factor of size q to invert the initial weight transformation 
  
for k = 1:q 
 for j = 1:n 
 h = prctile(X(:,j), l); 
 g = prctile(X(:,j), 100-l); 
 Vqs(j,k) = S(k) * Vqn(j,k) * (g - h) + h; 
 end 
end 
% Vqs: (nxq) matrix with inversely scaled loadings 
  
%% 15. Scale data to constant sum 
for k = 1:q 
 for j = 1:n 
 Vqsn(j,k) = Vqs(j,k) / sum(Vqs(:,k)) * c; 
 end 
end 
% Vqsn: (nxq) matrix with scaled, inversely scaled end-member loadings 
  
%% 16. Re-transformation of factor scores Mq by S  
for i = 1:m 
 for k = 1:q 
 Mqs(i,k) = (Mq(i,k) / S(k)) / sum(Mq(i,:) / S(k)); 
 end 
end 
% Mqs: (mxq) matrix with normalised, inversely scaled end-member scores 
  
% Calculation of relative variance, explained by each end-member 
Mqsvar = var(Mqs) / sum(var(Mqs)) * 100; 
% Mqsvar: vector of relative explained variance by each end-member 
  
%% 17. Linear modelling of X' 
clear Xm 
Xm = Mqs * Vqs'; 
% Xm: (mxn) matrix with modelled data set X'  
  
%% 18. Evaluation of model devation from original dataset 
% Absolute difference between re-transformed, modelled dataset and  
% original dataset  
Ex = X - Xm;  
% Ex: (mxn) matrix with absolute errors, i.e. residuals 
  
mean_sax(q,:) = mean(Ex'); 
mean_gsx(q,:) = mean(Ex); 





% mean_sax: vector with mean deviations of all observations 
% mean_gsx: vector with mean deviations of all variables 
% mean_ex: mean deviation of all data 
  
% Relative measure of relationship between modelled and original data  
% (squared Pearson's correlation coefficient) 
 for i = 1:m 
pearsX = corrcoef(X(i,:), Xm(i,:)); % correlation of observations  
corr_Xm(q,i) = pearsX(1,2).^2; 
end 
mean_r2_xm(q,q) = mean(corr_Xm(q,:));  
% mean_r2_xm: vector with mean r² for modelled and original observations 
  
for j = 1:n 
pearsX = corrcoef(X(:,j), Xm(:,j)); % correlation of variables  
corr_Xn(q,j) = pearsX(1,2).^2; 
end 
mean_r2_xn(q,q) = mean(corr_Xn(q,:)); 
% mean_r2_xn: vector with mean r² for modelled and original variables 
  
% 19. End of q-loop and goodness of fit evaluation, if 9A is activated 
end 
  
mean_ex1 = diag(mean_ex); 
mean_r2_xm1 = diag(mean_r2_xm); 
mean_r2_xn1 = diag(mean_r2_xn); 
mean_xr2 = mean([mean_r2_xm1, mean_r2_xn1]')'; 
% mean_ex1: vector with mean absolute error of X - X' 
% mean_r2_xm1: vector with mean r² for modelled and original observations 
% mean_r2_xn1: vector with mean r² for modelled and original variables 
% mean_xr2: vector with mean r² for all data 
  
%% 20. Visualisation of loop-gained goodness of fit parameters 
% plot of mean absolute error of X - X' 
figure(2), 
plot(2:n, mean_ex1(2:n), 'k'), grid, hold on 
xlabel('Number of end-member'), ylabel('Mean absolute error [Vol. %]'), 
legend('X vs. Xm') 
  
% plot of mean r² (observations, variables, all data) for visual decision 
% on maximum number of end-members qmax 
figure(3), 
plot(2:n, mean_xr2(2:n), 'k'), grid, hold on, 
xlabel('Number of end-member'), ylabel('Mean total r²'),  
legend('X vs. X_m') 
  
% alternative to the figure above: only mean r² for all data 
figure(3), 
plot(2:n, mean_r2_xm1(2:n), 'b', 2:n, mean_r2_xn1(2:n), 'r'), grid, 
hold on, xlabel('Number of end-member'), ylabel('r² of X to X_m'), 
legend('Observations','Grain size classes') 
  
%% 21. Visualisation of goodness of fit for manual q (alternative 9B) 
% figure(4), 
% subplot(1,2,1); plot(phi, mean_gsx(q,:), 'k*') 
% xlabel('GSD [phi]'), ylabel('Mean absolute difference [Vol. %]'), grid,  
% legend('X vs. X_m') 
% subplot(1,2,2); plot(dcs, mean_sax(q,:), 'k*') 
% xlabel('DCS sample ID'), ylabel('Mean absolute difference [Vol. %]'), grid, 
% legend('X vs. X_m') 
%  
% figure(5),  
% subplot(1,2,1); plot(phi, corr_Xn(q,:), 'k*'),  
% xlabel('Grain size [phi]'), ylabel('Mean total r²'), grid,  
% legend('X vs. X_m') 
% subplot(1,2,2); plot(dcs, corr_Xn(q,:), 'k*'),  
% xlabel('Sample ID'), ylabel('Mean total r²'), grid,  
% legend('X vs. X_m') 
  
%% 22. Visualisation of end-members for manual q (alternative 9B) 
% % Plot of the factor loadings 
% figure(6) 
% plot(phi, Vqsn), xlabel('Grain size [phi]'), 
% ylabel('End-member loading [Vol. %]'),grid, hold on 
% legend('EM1', 'EM2', 'EM3', 'EM4', 'EM5') 
% % save('Phi2B_96er5EM_Vqsn.txt', 'Vqsn', '-ascii'); 
%  
% % Plot of the factor scores 
% figure(7) 
% bar(dcs, Mqs), xlabel('Sample ID'), ylabel('End-member score [%]'), grid,  
% legend('EM1', 'EM2', 'EM3', 'EM4', 'EM5', 'EM6') 
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9.3 LIST OF ORIGINAL GRAIN SIZE DATA SETS 
Grain size distributions (Laser Coulter Counter, AWI Potsdam) in φ
Section 
& ID mean mean 11.381 11.245 11.111 10.977 10.841 10.708 10.572 10.438 10.304 10.168 10.035 9.900 9.765 9.631 9.496 9.362 9.227 9.092 8.959
P02
512 5 9 7.0 285 281 283 0.036 0.064 0.095 0.140 0.170 0.210 0.240 0.280 0.320 0.360 0.410 0.460 0.520 0.590 0.660 0.740 0.820 0.910 1.000
514 13 18 15.5 277 272 274.5 0.038 0.067 0.099 0.140 0.180 0.210 0.240 0.260 0.290 0.300 0.320 0.330 0.340 0.350 0.350 0.360 0.360 0.370 0.370
516 22 29 25.5 268 261 264.5 0.020 0.035 0.052 0.075 0.094 0.110 0.130 0.150 0.160 0.180 0.190 0.200 0.210 0.220 0.230 0.240 0.250 0.250 0.260
518 33 37 35.0 257 253 255 0.062 0.110 0.160 0.230 0.290 0.340 0.380 0.430 0.460 0.490 0.520 0.540 0.560 0.570 0.580 0.600 0.610 0.630 0.650
520 41 44 42.5 249 246 247.5 0.110 0.190 0.280 0.390 0.490 0.570 0.640 0.710 0.770 0.810 0.850 0.880 0.900 0.920 0.940 0.950 0.980 1.010 1.040
522 46 50 48.0 244 240 242 0.070 0.120 0.180 0.260 0.330 0.390 0.460 0.530 0.600 0.670 0.750 0.850 0.950 1.080 1.210 1.360 1.520 1.690 1.870
524 54 58 56.5 236 232 233.5 0.058 0.100 0.150 0.220 0.270 0.320 0.360 0.400 0.430 0.460 0.480 0.490 0.510 0.520 0.530 0.540 0.550 0.560 0.570
526 62 64 63.5 228 226 226.5 0.067 0.120 0.180 0.250 0.310 0.370 0.420 0.460 0.500 0.540 0.560 0.580 0.590 0.610 0.610 0.620 0.630 0.640 0.650
528 68 70 69.5 222 220 220.5 0.068 0.120 0.180 0.250 0.320 0.390 0.450 0.520 0.600 0.680 0.770 0.870 0.990 1.130 1.290 1.470 1.660 1.860 2.060
530 73 77 75.5 217 213 214.5 0.091 0.160 0.240 0.340 0.430 0.510 0.590 0.670 0.760 0.840 0.930 1.040 1.150 1.280 1.420 1.580 1.750 1.930 2.110
532 80 83 81.5 210 207 208.5 0.100 0.180 0.270 0.380 0.480 0.560 0.630 0.700 0.760 0.810 0.850 0.890 0.920 0.950 0.990 1.020 1.060 1.110 1.170
534 87 90 88.5 203 200 201.5 0.089 0.160 0.230 0.330 0.410 0.480 0.540 0.600 0.650 0.690 0.720 0.750 0.770 0.790 0.810 0.830 0.860 0.890 0.930
536 94 97 95.5 196 193 194.5 0.110 0.190 0.290 0.410 0.510 0.590 0.670 0.750 0.820 0.880 0.920 0.960 1.000 1.040 1.080 1.120 1.170 1.220 1.280
538 100 104 102.0 190 186 188 0.120 0.220 0.320 0.460 0.570 0.670 0.750 0.840 0.910 0.960 1.010 1.050 1.090 1.140 1.180 1.230 1.290 1.360 1.440
567 265 270 267.5 25 20 22.5 0.120 0.210 0.310 0.450 0.550 0.650 0.730 0.820 0.890 0.950 0.990 1.030 1.070 1.110 1.150 1.180 1.230 1.280 1.340
P06
49 4 7 5.5 336.0 333.0 334.5 0.035 0.062 0.092 0.130 0.170 0.210 0.240 0.280 0.330 0.370 0.420 0.480 0.540 0.600 0.670 0.740 0.810 0.880 0.950
51 10 13 11.5 330.0 327.0 328.5 0.033 0.059 0.088 0.130 0.170 0.200 0.240 0.290 0.330 0.380 0.430 0.470 0.530 0.580 0.630 0.670 0.720 0.760 0.800
53 16 19 17.5 324.0 321.0 322.5 0.026 0.047 0.070 0.100 0.130 0.170 0.200 0.240 0.280 0.330 0.380 0.430 0.480 0.540 0.590 0.650 0.700 0.750 0.800
55 22 25 23.5 318.0 315.0 316.5 0.024 0.043 0.065 0.094 0.120 0.150 0.180 0.210 0.250 0.290 0.330 0.370 0.410 0.460 0.510 0.560 0.610 0.650 0.700
57 28 31 29.5 312.0 309.0 310.5 0.052 0.092 0.140 0.190 0.240 0.280 0.330 0.370 0.410 0.450 0.490 0.530 0.590 0.650 0.710 0.790 0.870 0.950 1.040
59 34 36 35.0 306.0 304.0 305.0 0.052 0.093 0.140 0.200 0.250 0.300 0.340 0.390 0.440 0.480 0.520 0.570 0.610 0.660 0.700 0.750 0.790 0.840 0.890
61 39 42 40.5 301.0 298.0 299.5 0.089 0.160 0.230 0.330 0.410 0.480 0.540 0.600 0.660 0.710 0.750 0.790 0.840 0.890 0.950 1.010 1.080 1.150 1.230
63 45 48 46.5 295.0 292.0 293.5 0.160 0.280 0.410 0.590 0.720 0.840 0.940 1.040 1.120 1.180 1.230 1.280 1.330 1.380 1.430 1.490 1.560 1.630 1.710
65 51 54 52.5 289.0 286.0 287.5 0.210 0.360 0.530 0.760 0.940 1.090 1.230 1.370 1.480 1.580 1.660 1.730 1.810 1.900 1.990 2.080 2.190 2.300 2.420
67 57 60 58.5 283.0 280.0 281.5 0.140 0.260 0.380 0.530 0.660 0.770 0.860 0.960 1.040 1.100 1.160 1.210 1.260 1.320 1.380 1.450 1.530 1.610 1.700
69 63 66 64.5 277.0 274.0 275.5 0.150 0.260 0.380 0.540 0.670 0.790 0.890 0.990 1.080 1.150 1.220 1.280 1.340 1.400 1.470 1.540 1.610 1.700 1.780
71 69 71 70.0 271.0 269.0 270.0 0.110 0.200 0.300 0.430 0.530 0.630 0.720 0.810 0.890 0.960 1.020 1.080 1.150 1.210 1.260 1.320 1.390 1.460 1.530
73 74 77 75.5 266.0 263.0 264.5 0.140 0.250 0.360 0.520 0.650 0.760 0.870 0.970 1.070 1.150 1.220 1.290 1.370 1.440 1.520 1.590 1.680 1.760 1.850
75 80 83 81.5 260.0 257.0 258.5 0.150 0.260 0.380 0.540 0.670 0.790 0.900 1.000 1.090 1.160 1.220 1.280 1.340 1.390 1.450 1.510 1.580 1.660 1.740
77 86 89 87.5 254.0 251.0 252.5 0.160 0.280 0.410 0.580 0.720 0.840 0.960 1.070 1.160 1.240 1.310 1.380 1.440 1.510 1.580 1.660 1.750 1.850 1.950
79 92 95 93.5 248.0 245.0 246.5 0.150 0.270 0.390 0.560 0.690 0.810 0.920 1.020 1.110 1.190 1.250 1.300 1.360 1.410 1.470 1.530 1.590 1.670 1.750
81 98 101 99.5 242.0 239.0 240.5 0.200 0.350 0.510 0.720 0.900 1.050 1.180 1.320 1.430 1.530 1.620 1.710 1.800 1.890 2.000 2.110 2.240 2.380 2.530
83 104 107 105.5 236.0 233.0 234.5 0.120 0.220 0.320 0.450 0.570 0.660 0.750 0.840 0.920 0.990 1.060 1.120 1.180 1.250 1.320 1.400 1.480 1.580 1.670
85 110 113 111.5 230.0 227.0 228.5 0.150 0.270 0.400 0.570 0.710 0.830 0.940 1.050 1.150 1.220 1.290 1.360 1.420 1.490 1.560 1.630 1.710 1.800 1.900
87 116 119 117.5 224.0 221.0 222.5 0.140 0.250 0.360 0.510 0.640 0.750 0.840 0.940 1.030 1.100 1.170 1.230 1.310 1.380 1.460 1.550 1.660 1.770 1.890
89 121 123 122.0 219.0 217.0 218.0 0.097 0.170 0.250 0.360 0.450 0.530 0.610 0.680 0.750 0.810 0.860 0.910 0.960 1.010 1.060 1.110 1.170 1.230 1.300
91 126 129 127.5 214.0 211.0 212.5 0.130 0.220 0.330 0.470 0.580 0.690 0.780 0.870 0.950 1.020 1.080 1.140 1.200 1.260 1.320 1.380 1.460 1.540 1.620
93 132 135 133.5 208.0 205.0 206.5 0.170 0.300 0.440 0.630 0.780 0.910 1.030 1.150 1.250 1.340 1.410 1.480 1.560 1.630 1.710 1.800 1.910 2.030 2.150
95 138 141 139.5 202.0 199.0 200.5 0.140 0.250 0.360 0.510 0.640 0.750 0.850 0.950 1.040 1.110 1.180 1.250 1.320 1.390 1.470 1.550 1.650 1.750 1.860
97 144 147 145.5 196.0 193.0 194.5 0.130 0.230 0.340 0.480 0.600 0.700 0.790 0.880 0.950 1.020 1.080 1.140 1.200 1.260 1.330 1.410 1.490 1.580 1.680
99 150 152 151.0 190.0 188.0 189.0 0.120 0.220 0.320 0.460 0.570 0.670 0.760 0.840 0.920 0.980 1.040 1.090 1.150 1.200 1.260 1.330 1.400 1.470 1.550
101 156 159 157.5 184.0 181.0 182.5 0.130 0.230 0.340 0.480 0.600 0.700 0.800 0.890 0.970 1.040 1.100 1.160 1.220 1.280 1.350 1.410 1.480 1.560 1.650
original 
(base=0) depth (top=0)
Height (cm) Depth (cm) 
Grain size distributions (Laser Coulter Counter, AWI Potsdam) in φ
ID mean mean 11.381 11.245 11.111 10.977 10.841 10.708 10.572 10.438 10.304 10.168 10.035 9.900 9.765 9.631 9.496 9.362 9.227 9.092 8.959
103 162 166 163.5 178.0 174.0 176.5 0.140 0.240 0.360 0.510 0.630 0.740 0.840 0.930 1.010 1.080 1.140 1.200 1.260 1.320 1.380 1.450 1.530 1.610 1.700
105 168 171 169.5 172.0 169.0 170.5 0.130 0.230 0.340 0.480 0.600 0.700 0.800 0.890 0.970 1.040 1.100 1.160 1.220 1.280 1.330 1.400 1.460 1.540 1.620
107 174 177 175.5 166.0 163.0 164.5 0.085 0.150 0.220 0.320 0.400 0.470 0.540 0.610 0.670 0.720 0.770 0.820 0.870 0.920 0.960 1.010 1.060 1.110 1.160
109 180 183 181.5 160.0 157.0 158.5 0.077 0.140 0.200 0.290 0.360 0.430 0.490 0.550 0.610 0.670 0.720 0.770 0.820 0.870 0.920 0.970 1.020 1.080 1.140
111 186 189 187.5 154.0 151.0 152.5 0.082 0.150 0.210 0.310 0.380 0.450 0.510 0.570 0.630 0.670 0.710 0.750 0.790 0.830 0.860 0.900 0.940 0.990 1.030
113 192 195 193.5 148.0 145.0 146.5 0.073 0.130 0.190 0.270 0.340 0.400 0.460 0.520 0.570 0.620 0.660 0.710 0.750 0.790 0.840 0.890 0.940 0.990 1.040
115 198 201 199.5 142.0 139.0 140.5 0.100 0.180 0.270 0.380 0.470 0.560 0.640 0.720 0.790 0.850 0.910 0.970 1.040 1.100 1.170 1.240 1.310 1.390 1.470
117 204 207 205.5 136.0 133.0 134.5 0.094 0.170 0.240 0.350 0.430 0.510 0.580 0.650 0.710 0.760 0.810 0.860 0.920 0.970 1.030 1.090 1.160 1.230 1.310
119 210 213 211.5 130.0 127.0 128.5 0.110 0.200 0.290 0.410 0.520 0.600 0.680 0.760 0.830 0.900 0.960 1.010 1.080 1.150 1.220 1.300 1.390 1.490 1.590
121 216 219 217.5 124.0 121.0 122.5 0.110 0.200 0.290 0.410 0.520 0.600 0.690 0.760 0.840 0.900 0.950 1.010 1.070 1.140 1.210 1.280 1.370 1.460 1.550
123 222 225 223.5 118.0 115.0 116.5 0.110 0.190 0.280 0.390 0.490 0.580 0.650 0.730 0.800 0.860 0.920 0.970 1.030 1.090 1.160 1.230 1.310 1.400 1.490
125 229 232 230.5 111.0 108.0 109.5 0.110 0.190 0.270 0.390 0.490 0.570 0.650 0.720 0.790 0.850 0.900 0.950 1.000 1.060 1.120 1.190 1.260 1.330 1.410
127 235 238 236.5 105.0 102.0 103.5 0.110 0.190 0.280 0.400 0.500 0.590 0.660 0.740 0.810 0.860 0.910 0.960 1.010 1.070 1.120 1.190 1.260 1.330 1.410
129 241 244 242.5 99.0 96.0 97.5 0.140 0.240 0.360 0.500 0.630 0.730 0.830 0.920 1.010 1.080 1.140 1.190 1.250 1.320 1.380 1.450 1.530 1.620 1.710
131 247 250 248.5 93.0 90.0 91.5 0.057 0.100 0.150 0.210 0.270 0.320 0.370 0.420 0.470 0.520 0.560 0.610 0.660 0.700 0.750 0.800 0.850 0.900 0.950
133 253 256 254.5 87.0 84.0 85.5 0.089 0.160 0.230 0.330 0.420 0.490 0.560 0.630 0.700 0.750 0.810 0.850 0.900 0.950 0.990 1.040 1.080 1.130 1.190
135 258 262 260.5 82.0 78.0 79.5 0.110 0.190 0.280 0.390 0.490 0.580 0.660 0.740 0.810 0.870 0.920 0.970 1.010 1.050 1.090 1.130 1.180 1.230 1.280
137 265 268 266.5 75.0 72.0 73.5 0.095 0.170 0.250 0.360 0.450 0.530 0.610 0.690 0.760 0.820 0.880 0.930 0.980 1.030 1.080 1.120 1.160 1.210 1.260
139 271 274 272.5 69.0 66.0 67.5 0.120 0.210 0.310 0.440 0.550 0.650 0.740 0.830 0.910 0.980 1.050 1.100 1.170 1.220 1.280 1.340 1.410 1.490 1.570
141 277 280 278.5 63.0 60.0 61.5 0.120 0.210 0.300 0.430 0.540 0.630 0.720 0.810 0.890 0.960 1.020 1.070 1.130 1.190 1.250 1.310 1.380 1.450 1.530
143 284 287 285.5 56.0 53.0 54.5 0.100 0.180 0.270 0.380 0.480 0.560 0.640 0.720 0.800 0.860 0.910 0.970 1.020 1.070 1.120 1.180 1.230 1.290 1.350
145 290 293 291.5 50.0 47.0 48.5 0.040 0.070 0.100 0.150 0.190 0.230 0.270 0.310 0.340 0.380 0.420 0.450 0.490 0.520 0.560 0.590 0.630 0.660 0.690
147 296 299 297.5 44.0 41.0 42.5 0.046 0.082 0.120 0.180 0.220 0.260 0.310 0.350 0.390 0.430 0.460 0.500 0.530 0.560 0.590 0.620 0.650 0.680 0.700
149 302 305 303.5 38.0 35.0 36.5 0.092 0.160 0.240 0.350 0.430 0.510 0.590 0.660 0.730 0.790 0.840 0.890 0.940 0.990 1.030 1.080 1.130 1.180 1.230
151 308 311 309.5 32.0 29.0 30.5 0.096 0.170 0.250 0.360 0.450 0.530 0.610 0.690 0.760 0.820 0.870 0.920 0.970 1.020 1.060 1.110 1.160 1.220 1.270
153 314 317 315.5 26.0 23.0 24.5 0.074 0.130 0.190 0.280 0.350 0.410 0.470 0.530 0.590 0.630 0.680 0.720 0.760 0.790 0.830 0.860 0.900 0.940 0.970
155 320 323 321.5 20.0 17.0 18.5 0.090 0.160 0.240 0.340 0.420 0.500 0.570 0.650 0.710 0.770 0.830 0.880 0.940 0.990 1.040 1.100 1.160 1.220 1.280
157 326 329 327.5 14.0 11.0 12.5 0.074 0.130 0.190 0.280 0.350 0.410 0.470 0.530 0.590 0.630 0.680 0.720 0.760 0.790 0.830 0.860 0.900 0.940 0.970
P14
159 318 320 319.0 12.0 10.0 11.0 0.046 0.081 0.120 0.170 0.210 0.250 0.280 0.310 0.340 0.360 0.370 0.380 0.390 0.390 0.400 0.400 0.400 0.410 0.410
160 316 318 317.0 14.0 12.0 13.0 0.048 0.085 0.120 0.180 0.220 0.250 0.290 0.310 0.340 0.350 0.360 0.360 0.360 0.350 0.340 0.330 0.330 0.320 0.310
161 314 316 315.0 16.0 14.0 15.0 0.062 0.110 0.160 0.230 0.280 0.330 0.370 0.410 0.450 0.470 0.490 0.500 0.510 0.520 0.520 0.530 0.540 0.550 0.560
162 312 314 313.0 18.0 16.0 17.0 0.058 0.100 0.150 0.220 0.270 0.310 0.350 0.390 0.420 0.440 0.450 0.460 0.470 0.470 0.470 0.470 0.470 0.480 0.490
163 310 312 311.0 20.0 18.0 19.0 0.064 0.110 0.170 0.240 0.300 0.350 0.390 0.430 0.470 0.500 0.520 0.530 0.550 0.560 0.560 0.570 0.580 0.590 0.610
164 308 310 309.0 22.0 20.0 21.0 0.065 0.120 0.170 0.240 0.300 0.350 0.400 0.440 0.480 0.510 0.530 0.540 0.560 0.570 0.580 0.580 0.590 0.610 0.630
165 306 308 307.0 24.0 22.0 23.0 0.076 0.140 0.200 0.280 0.350 0.410 0.460 0.520 0.560 0.590 0.610 0.630 0.650 0.670 0.680 0.690 0.710 0.730 0.760
166 304 306 305.0 26.0 24.0 25.0 0.091 0.160 0.240 0.340 0.420 0.490 0.540 0.600 0.650 0.680 0.700 0.710 0.720 0.730 0.730 0.740 0.750 0.760 0.780
167 302 304 303.0 28.0 26.0 27.0 0.067 0.120 0.180 0.250 0.310 0.370 0.420 0.460 0.500 0.530 0.560 0.570 0.590 0.600 0.610 0.620 0.630 0.650 0.670
168 300 302 301.0 30.0 28.0 29.0 0.077 0.140 0.200 0.290 0.360 0.420 0.470 0.530 0.570 0.610 0.640 0.660 0.680 0.690 0.710 0.720 0.740 0.760 0.780
169 298 300 299.0 32.0 30.0 31.0 0.110 0.190 0.280 0.410 0.510 0.610 0.700 0.810 0.900 1.000 1.100 1.210 1.330 1.460 1.600 1.750 1.920 2.090 2.260
170 296 298 297.0 34.0 32.0 33.0 0.063 0.110 0.160 0.240 0.290 0.340 0.390 0.440 0.480 0.510 0.530 0.550 0.570 0.580 0.590 0.600 0.610 0.620 0.630
171 294 296 295.0 36.0 34.0 35.0 0.054 0.095 0.140 0.200 0.250 0.290 0.330 0.370 0.410 0.430 0.450 0.470 0.480 0.490 0.500 0.500 0.510 0.510 0.520
172 292 294 293.0 38.0 36.0 37.0 0.052 0.093 0.140 0.200 0.250 0.290 0.330 0.370 0.400 0.420 0.440 0.460 0.470 0.480 0.480 0.490 0.490 0.500 0.500
173 290 292 291.0 40.0 38.0 39.0 0.047 0.084 0.120 0.180 0.220 0.260 0.300 0.330 0.360 0.380 0.400 0.420 0.430 0.430 0.440 0.440 0.450 0.450 0.450
original 
(base=0) depth (top=0)
Height (cm) Depth (cm) 
Grain size distributions (Laser Coulter Counter, AWI Potsdam) in φ
ID mean mean 11.381 11.245 11.111 10.977 10.841 10.708 10.572 10.438 10.304 10.168 10.035 9.900 9.765 9.631 9.496 9.362 9.227 9.092 8.959
174 288 290 289.0 42.0 40.0 41.0 0.065 0.120 0.170 0.240 0.300 0.360 0.410 0.450 0.490 0.530 0.550 0.570 0.590 0.610 0.620 0.630 0.650 0.670 0.680
175 (1) 286 288 287.0 44.0 42.0 43.0 0.160 0.280 0.420 0.590 0.730 0.850 0.960 1.070 1.150 1.220 1.280 1.330 1.380 1.430 1.480 1.540 1.610 1.690 1.780
175 (2) 286 288 287.0 44.0 42.0 43.0 0.180 0.310 0.460 0.650 0.810 0.940 1.050 1.150 1.230 1.290 1.330 1.360 1.380 1.410 1.430 1.460 1.510 1.580 1.660
176 284 286 285.0 46.0 44.0 45.0 0.170 0.290 0.430 0.610 0.760 0.880 0.990 1.090 1.180 1.240 1.290 1.330 1.370 1.410 1.440 1.480 1.540 1.610 1.690
177 282 284 283.0 48.0 46.0 47.0 0.150 0.270 0.400 0.560 0.690 0.810 0.900 0.990 1.060 1.110 1.150 1.180 1.200 1.230 1.260 1.290 1.340 1.400 1.470
178 280 282 281.0 50.0 48.0 49.0 0.190 0.330 0.490 0.690 0.840 0.970 1.090 1.180 1.260 1.310 1.340 1.350 1.360 1.370 1.380 1.400 1.430 1.480 1.550
179 278 280 279.0 52.0 50.0 51.0 0.160 0.290 0.420 0.590 0.740 0.870 0.980 1.090 1.190 1.270 1.340 1.400 1.470 1.540 1.610 1.690 1.790 1.890 2.010
180 276 278 277.0 54.0 52.0 53.0 0.160 0.280 0.410 0.580 0.710 0.830 0.930 1.020 1.090 1.150 1.190 1.220 1.250 1.280 1.310 1.350 1.400 1.460 1.540
181 274 276 275.0 56.0 54.0 55.0 0.170 0.300 0.430 0.610 0.760 0.890 1.000 1.110 1.200 1.270 1.330 1.370 1.420 1.460 1.510 1.560 1.610 1.680 1.760
182 272 274 273.0 58.0 56.0 57.0 0.210 0.370 0.540 0.760 0.930 1.080 1.200 1.310 1.390 1.440 1.470 1.480 1.500 1.510 1.530 1.550 1.590 1.640 1.710
183 270 272 271.0 60.0 58.0 59.0 0.200 0.350 0.510 0.730 0.900 1.050 1.190 1.320 1.430 1.520 1.600 1.670 1.740 1.820 1.900 1.980 2.080 2.200 2.320
184 268 270 269.0 62.0 60.0 61.0 0.140 0.240 0.360 0.510 0.630 0.730 0.820 0.910 0.990 1.040 1.090 1.120 1.160 1.200 1.240 1.280 1.330 1.400 1.470
185 266 268 267.0 64.0 62.0 63.0 0.150 0.260 0.380 0.540 0.670 0.770 0.870 0.950 1.020 1.060 1.090 1.120 1.140 1.150 1.170 1.190 1.230 1.270 1.330
186 264 266 265.0 66.0 64.0 65.0 0.130 0.230 0.340 0.490 0.610 0.710 0.800 0.880 0.950 1.000 1.040 1.080 1.110 1.140 1.160 1.200 1.240 1.290 1.350
187 262 264 263.0 68.0 66.0 67.0 0.160 0.280 0.410 0.580 0.720 0.840 0.940 1.040 1.120 1.180 1.230 1.260 1.300 1.340 1.370 1.410 1.460 1.520 1.590
188 260 262 261.0 70.0 68.0 69.0 0.140 0.240 0.360 0.510 0.630 0.740 0.830 0.920 0.990 1.040 1.090 1.120 1.150 1.180 1.210 1.240 1.280 1.330 1.390
189 258 260 259.0 72.0 70.0 71.0 0.200 0.350 0.520 0.730 0.900 1.040 1.170 1.280 1.370 1.430 1.470 1.500 1.530 1.560 1.590 1.620 1.670 1.730 1.800
190 256 258 257.0 74.0 72.0 73.0 0.180 0.330 0.480 0.670 0.830 0.960 1.070 1.170 1.250 1.300 1.340 1.360 1.380 1.400 1.410 1.440 1.480 1.530 1.600
191 254 256 255.0 76.0 74.0 75.0 0.150 0.270 0.400 0.560 0.700 0.810 0.910 1.010 1.080 1.140 1.190 1.230 1.260 1.300 1.340 1.390 1.450 1.530 1.620
192 252 254 253.0 78.0 76.0 77.0 0.180 0.330 0.480 0.680 0.840 0.970 1.090 1.190 1.280 1.330 1.370 1.410 1.430 1.460 1.490 1.520 1.570 1.640 1.720
193 250 252 251.0 80.0 78.0 79.0 0.150 0.270 0.390 0.560 0.690 0.800 0.900 1.000 1.080 1.130 1.180 1.210 1.250 1.280 1.310 1.350 1.410 1.470 1.550
194 248 250 249.0 82.0 80.0 81.0 0.110 0.190 0.280 0.400 0.510 0.610 0.710 0.830 0.950 1.070 1.200 1.360 1.530 1.720 1.940 2.160 2.410 2.660 2.910
195 246 248 247.0 84.0 82.0 83.0 0.120 0.210 0.300 0.430 0.540 0.630 0.710 0.790 0.860 0.920 0.960 1.010 1.050 1.090 1.130 1.180 1.240 1.310 1.390
196 244 246 245.0 86.0 84.0 85.0 0.095 0.170 0.250 0.350 0.440 0.510 0.570 0.630 0.680 0.720 0.740 0.760 0.770 0.780 0.790 0.800 0.820 0.840 0.870
197 242 244 243.0 88.0 86.0 87.0 0.075 0.130 0.200 0.280 0.350 0.400 0.460 0.510 0.550 0.580 0.600 0.620 0.630 0.640 0.640 0.650 0.660 0.670 0.680
198 240 242 241.0 90.0 88.0 89.0 0.092 0.160 0.240 0.340 0.420 0.490 0.550 0.610 0.660 0.700 0.730 0.750 0.770 0.790 0.800 0.820 0.840 0.870 0.900
199 238 240 239.0 92.0 90.0 91.0 0.190 0.330 0.480 0.680 0.840 0.980 1.100 1.220 1.320 1.390 1.450 1.500 1.550 1.600 1.650 1.710 1.790 1.880 1.980
200 236 238 237.0 94.0 92.0 93.0 0.160 0.280 0.410 0.580 0.730 0.850 0.960 1.070 1.160 1.230 1.290 1.350 1.410 1.470 1.530 1.600 1.690 1.780 1.890
201 234 236 235.0 96.0 94.0 95.0 0.150 0.260 0.380 0.550 0.680 0.790 0.890 0.980 1.060 1.130 1.180 1.220 1.270 1.320 1.370 1.430 1.500 1.590 1.700
202 232 234 233.0 98.0 96.0 97.0 0.110 0.200 0.300 0.420 0.520 0.600 0.680 0.740 0.790 0.830 0.860 0.870 0.890 0.910 0.920 0.940 0.970 1.010 1.060
203 230 232 231.0 100.0 98.0 99.0 0.098 0.170 0.260 0.360 0.450 0.520 0.590 0.650 0.700 0.730 0.760 0.780 0.800 0.810 0.830 0.850 0.880 0.910 0.950
204 228 230 229.0 102.0 100.0 101.0 0.065 0.120 0.170 0.240 0.300 0.350 0.390 0.430 0.460 0.480 0.500 0.510 0.520 0.530 0.540 0.550 0.560 0.580 0.600
205 226 228 227.0 104.0 102.0 103.0 0.052 0.093 0.140 0.200 0.240 0.290 0.320 0.360 0.390 0.410 0.430 0.440 0.460 0.460 0.470 0.470 0.470 0.480 0.490
206 224 226 225.0 106.0 104.0 105.0 0.053 0.095 0.140 0.200 0.250 0.290 0.330 0.360 0.390 0.410 0.430 0.440 0.450 0.460 0.470 0.470 0.480 0.490 0.500
207 222 224 223.0 108.0 106.0 107.0 0.030 0.054 0.080 0.110 0.140 0.170 0.190 0.210 0.230 0.250 0.260 0.270 0.280 0.290 0.290 0.290 0.290 0.300 0.300
208 220 222 221.0 110.0 108.0 109.0 0.079 0.140 0.210 0.290 0.360 0.420 0.470 0.510 0.550 0.570 0.590 0.600 0.610 0.610 0.620 0.620 0.640 0.650 0.680
209 218 220 219.0 112.0 110.0 111.0 0.063 0.110 0.160 0.230 0.290 0.340 0.380 0.420 0.450 0.470 0.490 0.500 0.510 0.520 0.530 0.530 0.540 0.560 0.580
210 216 218 217.0 114.0 112.0 113.0 0.079 0.140 0.210 0.290 0.360 0.420 0.470 0.520 0.560 0.590 0.610 0.620 0.640 0.650 0.650 0.660 0.680 0.700 0.730
211 214 216 215.0 116.0 114.0 115.0 0.070 0.125 0.185 0.255 0.320 0.370 0.415 0.455 0.490 0.515 0.535 0.545 0.555 0.565 0.565 0.575 0.590 0.610 0.630
212 212 214 213.0 118.0 116.0 117.0 0.060 0.110 0.160 0.220 0.280 0.320 0.360 0.390 0.420 0.440 0.460 0.470 0.470 0.480 0.480 0.490 0.500 0.520 0.530
213 210 212 211.0 120.0 118.0 119.0 0.082 0.150 0.210 0.300 0.370 0.430 0.480 0.530 0.570 0.600 0.620 0.630 0.640 0.650 0.660 0.670 0.690 0.720 0.750
214 208 210 209.0 122.0 120.0 121.0 0.059 0.100 0.150 0.220 0.270 0.320 0.350 0.390 0.420 0.450 0.460 0.470 0.480 0.490 0.500 0.500 0.510 0.520 0.540
215 206 208 205.0 124.0 122.0 125.0 0.045 0.079 0.120 0.170 0.210 0.240 0.280 0.310 0.340 0.360 0.370 0.390 0.400 0.400 0.410 0.410 0.410 0.420 0.420
216 204 206 205.0 126.0 124.0 125.0 0.037 0.065 0.096 0.140 0.170 0.200 0.230 0.250 0.280 0.290 0.300 0.310 0.320 0.320 0.330 0.330 0.330 0.330 0.330
217 202 204 203.0 128.0 126.0 127.0 0.038 0.072 0.120 0.160 0.200 0.230 0.260 0.280 0.300 0.300 0.310 0.310 0.300 0.300 0.300 0.290 0.290 0.290 0.290
Height (cm) Depth (cm) 
original 
(base=0) depth (top=0)
Grain size distributions (Laser Coulter Counter, AWI Potsdam) in φ
ID mean mean 11.381 11.245 11.111 10.977 10.841 10.708 10.572 10.438 10.304 10.168 10.035 9.900 9.765 9.631 9.496 9.362 9.227 9.092 8.959
218 200 202 201.0 130.0 128.0 129.0 0.040 0.072 0.110 0.150 0.190 0.220 0.250 0.280 0.300 0.320 0.330 0.340 0.350 0.350 0.350 0.360 0.360 0.360 0.370
219 198 200 199.0 132.0 130.0 131.0 0.039 0.070 0.100 0.150 0.180 0.210 0.240 0.270 0.290 0.310 0.320 0.330 0.340 0.340 0.340 0.340 0.340 0.350 0.350
220 196 198 197.0 134.0 132.0 133.0 0.030 0.054 0.080 0.110 0.140 0.170 0.190 0.210 0.230 0.250 0.260 0.270 0.280 0.280 0.280 0.280 0.280 0.280 0.290
221 194 196 195.0 136.0 134.0 135.0 0.055 0.098 0.140 0.200 0.250 0.300 0.330 0.370 0.400 0.420 0.440 0.450 0.460 0.470 0.470 0.470 0.480 0.490 0.500
222 192 194 193.0 138.0 136.0 137.0 0.044 0.079 0.120 0.170 0.210 0.240 0.270 0.300 0.330 0.350 0.360 0.380 0.380 0.390 0.390 0.390 0.400 0.400 0.410
223 190 192 191.0 140.0 138.0 139.0 0.051 0.091 0.130 0.190 0.240 0.280 0.320 0.360 0.390 0.410 0.430 0.450 0.460 0.470 0.480 0.480 0.490 0.490 0.500
224 188 190 189.0 142.0 140.0 141.0 0.053 0.095 0.140 0.200 0.250 0.290 0.330 0.370 0.400 0.430 0.440 0.460 0.470 0.480 0.480 0.490 0.490 0.500 0.510
225 186 188 187.0 144.0 142.0 143.0 0.056 0.099 0.150 0.210 0.260 0.300 0.340 0.380 0.410 0.430 0.450 0.460 0.480 0.480 0.480 0.490 0.490 0.500 0.500
226 184 186 185.0 146.0 144.0 145.0 0.049 0.087 0.130 0.180 0.230 0.270 0.300 0.330 0.360 0.380 0.400 0.410 0.420 0.420 0.430 0.430 0.430 0.440 0.450
227 182 184 183.0 148.0 146.0 147.0 0.063 0.110 0.170 0.240 0.290 0.340 0.390 0.430 0.470 0.490 0.510 0.530 0.540 0.550 0.550 0.560 0.560 0.570 0.580
228 180 182 181.0 150.0 148.0 149.0 0.062 0.110 0.160 0.230 0.290 0.340 0.380 0.420 0.460 0.490 0.510 0.520 0.540 0.540 0.550 0.550 0.560 0.570 0.580
229 178 180 179.0 152.0 150.0 151.0 0.076 0.140 0.200 0.280 0.350 0.410 0.460 0.510 0.560 0.590 0.610 0.630 0.640 0.650 0.660 0.670 0.680 0.700 0.720
230 176 178 177.0 154.0 152.0 153.0 0.078 0.140 0.200 0.290 0.360 0.420 0.480 0.530 0.570 0.600 0.630 0.640 0.660 0.670 0.680 0.690 0.710 0.720 0.750
231 176 178 177.0 154.0 152.0 153.0 0.064 0.110 0.170 0.240 0.300 0.350 0.390 0.440 0.470 0.500 0.520 0.530 0.540 0.550 0.550 0.560 0.570 0.570 0.590
232 174 176 175.0 156.0 154.0 155.0 0.047 0.084 0.120 0.180 0.220 0.260 0.290 0.320 0.350 0.370 0.380 0.390 0.390 0.400 0.400 0.400 0.400 0.400 0.400
233 172 174 173.0 158.0 156.0 157.0 0.052 0.093 0.140 0.200 0.240 0.280 0.320 0.360 0.390 0.410 0.430 0.440 0.450 0.460 0.460 0.460 0.470 0.470 0.480
234 170 172 171.0 160.0 158.0 159.0 0.064 0.110 0.170 0.240 0.300 0.350 0.390 0.430 0.470 0.490 0.510 0.520 0.530 0.540 0.540 0.540 0.550 0.560 0.570
235 168 170 169.0 162.0 160.0 161.0 0.053 0.094 0.140 0.200 0.250 0.290 0.330 0.360 0.390 0.420 0.430 0.450 0.460 0.460 0.470 0.470 0.480 0.480 0.490
236 166 168 167.0 164.0 162.0 163.0 0.064 0.110 0.170 0.240 0.300 0.350 0.400 0.440 0.480 0.500 0.530 0.540 0.560 0.570 0.570 0.580 0.590 0.600 0.610
237 164 166 165.0 166.0 164.0 165.0 0.054 0.097 0.140 0.200 0.250 0.300 0.340 0.370 0.400 0.430 0.450 0.460 0.470 0.480 0.480 0.490 0.490 0.500 0.510
238 162 164 163.0 168.0 166.0 167.0 0.055 0.098 0.140 0.210 0.260 0.300 0.340 0.380 0.410 0.430 0.440 0.460 0.470 0.470 0.470 0.480 0.480 0.480 0.490
239 160 162 161.0 170.0 168.0 169.0 0.051 0.090 0.130 0.190 0.230 0.270 0.310 0.350 0.370 0.400 0.410 0.420 0.430 0.440 0.440 0.450 0.450 0.460 0.460
240 158 160 159.0 172.0 170.0 171.0 0.069 0.120 0.180 0.260 0.320 0.370 0.420 0.460 0.500 0.530 0.550 0.560 0.570 0.580 0.580 0.590 0.600 0.620 0.630
241 156 158 157.0 174.0 172.0 173.0 0.190 0.340 0.500 0.700 0.870 1.010 1.130 1.240 1.330 1.400 1.440 1.480 1.510 1.530 1.560 1.590 1.630 1.680 1.740
242 154 156 155.0 176.0 174.0 175.0 0.110 0.190 0.280 0.400 0.500 0.580 0.660 0.730 0.790 0.840 0.880 0.910 0.950 0.970 1.000 1.030 1.070 1.120 1.180
243 152 154 153.0 178.0 176.0 177.0 0.097 0.170 0.250 0.360 0.450 0.520 0.580 0.640 0.690 0.720 0.750 0.760 0.780 0.790 0.800 0.820 0.840 0.860 0.900
244 150 152 151.0 180.0 178.0 179.0 0.084 0.150 0.220 0.310 0.390 0.450 0.510 0.570 0.610 0.650 0.680 0.700 0.720 0.740 0.760 0.780 0.810 0.840 0.880
245 148 150 149.0 182.0 180.0 181.0 0.092 0.160 0.240 0.340 0.430 0.500 0.560 0.620 0.670 0.710 0.740 0.760 0.790 0.810 0.820 0.850 0.870 0.900 0.940
246 146 148 147.0 184.0 182.0 183.0 0.083 0.150 0.220 0.310 0.380 0.450 0.510 0.570 0.620 0.660 0.700 0.730 0.760 0.790 0.820 0.860 0.900 0.950 1.000
247 144 146 145.0 186.0 184.0 185.0 0.097 0.170 0.250 0.360 0.450 0.520 0.590 0.650 0.700 0.740 0.770 0.800 0.820 0.840 0.870 0.890 0.920 0.960 1.000
248 142 144 143.0 188.0 186.0 187.0 0.096 0.170 0.250 0.350 0.440 0.510 0.570 0.640 0.680 0.720 0.750 0.770 0.790 0.810 0.820 0.840 0.860 0.900 0.930
249 140 142 141.0 190.0 188.0 189.0 0.091 0.160 0.240 0.340 0.420 0.490 0.550 0.610 0.660 0.700 0.730 0.750 0.770 0.790 0.800 0.820 0.840 0.870 0.900
250 138 140 139.0 192.0 190.0 191.0 0.085 0.150 0.220 0.320 0.390 0.460 0.520 0.570 0.620 0.650 0.670 0.690 0.710 0.720 0.740 0.750 0.770 0.790 0.820
251 136 138 137.0 194.0 192.0 193.0 0.093 0.170 0.240 0.350 0.430 0.500 0.560 0.630 0.680 0.710 0.740 0.770 0.790 0.810 0.830 0.850 0.880 0.910 0.950
252 134 136 135.0 196.0 194.0 195.0 0.096 0.170 0.250 0.360 0.440 0.520 0.580 0.640 0.700 0.740 0.770 0.800 0.820 0.850 0.870 0.900 0.930 0.970 1.020
253 132 134 133.0 198.0 196.0 197.0 0.081 0.140 0.210 0.300 0.380 0.440 0.490 0.550 0.590 0.620 0.650 0.670 0.680 0.700 0.710 0.720 0.740 0.760 0.780
254 130 132 131.0 200.0 198.0 199.0 0.083 0.150 0.220 0.310 0.380 0.440 0.500 0.550 0.600 0.630 0.660 0.670 0.690 0.700 0.720 0.730 0.750 0.770 0.800
255 128 130 129.0 202.0 200.0 201.0 0.078 0.140 0.200 0.290 0.360 0.420 0.480 0.530 0.570 0.610 0.630 0.650 0.670 0.680 0.700 0.710 0.730 0.750 0.780
256 126 128 127.0 204.0 202.0 203.0 0.082 0.150 0.220 0.310 0.380 0.450 0.500 0.560 0.610 0.650 0.680 0.700 0.720 0.740 0.760 0.780 0.810 0.830 0.870
257 124 126 125.0 206.0 204.0 205.0 0.075 0.130 0.200 0.280 0.350 0.410 0.460 0.510 0.550 0.580 0.610 0.630 0.650 0.660 0.670 0.680 0.700 0.720 0.740
258 122 124 123.0 208.0 206.0 207.0 0.077 0.140 0.200 0.290 0.360 0.420 0.470 0.520 0.560 0.590 0.620 0.640 0.650 0.660 0.680 0.690 0.700 0.730 0.750
259 120 122 121.0 210.0 208.0 209.0 0.060 0.110 0.160 0.220 0.280 0.330 0.370 0.410 0.450 0.470 0.500 0.510 0.530 0.540 0.550 0.570 0.580 0.600 0.620
260 118 120 119.0 212.0 210.0 211.0 0.069 0.120 0.180 0.260 0.320 0.380 0.430 0.470 0.510 0.540 0.570 0.580 0.600 0.610 0.620 0.630 0.640 0.660 0.680
261 116 118 117.0 214.0 212.0 213.0 0.062 0.110 0.160 0.230 0.290 0.340 0.380 0.430 0.460 0.490 0.520 0.530 0.550 0.560 0.570 0.580 0.590 0.600 0.620
262 114 116 115.0 216.0 214.0 215.0 0.063 0.110 0.160 0.230 0.290 0.340 0.380 0.430 0.460 0.490 0.510 0.520 0.530 0.540 0.550 0.550 0.560 0.570 0.580
original 
(base=0) depth (top=0)
Height (cm) Depth (cm) 
Grain size distributions (Laser Coulter Counter, AWI Potsdam) in φ
ID mean mean 11.381 11.245 11.111 10.977 10.841 10.708 10.572 10.438 10.304 10.168 10.035 9.900 9.765 9.631 9.496 9.362 9.227 9.092 8.959
263 112 114 113.0 218.0 216.0 217.0 0.084 0.150 0.220 0.310 0.390 0.450 0.510 0.560 0.600 0.630 0.660 0.670 0.690 0.690 0.700 0.710 0.720 0.730 0.760
264 110 112 111.0 220.0 218.0 219.0 0.066 0.120 0.170 0.250 0.310 0.360 0.400 0.450 0.490 0.510 0.540 0.550 0.570 0.580 0.580 0.590 0.600 0.620 0.640
265 108 110 109.0 222.0 220.0 221.0 0.070 0.130 0.180 0.260 0.330 0.380 0.430 0.480 0.520 0.550 0.580 0.600 0.610 0.630 0.640 0.650 0.660 0.680 0.700
266 106 108 107.0 224.0 222.0 223.0 0.110 0.200 0.290 0.420 0.540 0.640 0.750 0.860 0.980 1.090 1.210 1.340 1.490 1.640 1.810 1.980 2.160 2.340 2.510
267 104 106 105.0 226.0 224.0 225.0 0.060 0.110 0.160 0.220 0.280 0.320 0.360 0.400 0.430 0.460 0.470 0.480 0.490 0.500 0.500 0.500 0.500 0.510 0.520
268 102 104 103.0 228.0 226.0 227.0 0.068 0.120 0.180 0.250 0.320 0.370 0.420 0.470 0.510 0.540 0.560 0.580 0.590 0.600 0.610 0.620 0.630 0.650 0.660
269 100 102 101.0 230.0 228.0 229.0 0.074 0.130 0.190 0.270 0.340 0.400 0.450 0.510 0.550 0.580 0.610 0.630 0.650 0.660 0.670 0.680 0.690 0.700 0.720
270 98 100 99.0 232.0 230.0 231.0 0.098 0.170 0.260 0.360 0.460 0.530 0.610 0.680 0.740 0.790 0.840 0.880 0.920 0.950 0.990 1.020 1.060 1.100 1.130
271 96 98 97.0 234.0 232.0 233.0 0.100 0.180 0.260 0.370 0.460 0.540 0.610 0.680 0.740 0.790 0.830 0.860 0.900 0.930 0.960 0.990 1.030 1.070 1.120
272 94 94.0 236.0 330.0 236.0 0.120 0.210 0.310 0.440 0.550 0.640 0.720 0.790 0.860 0.900 0.940 0.970 1.000 1.030 1.050 1.080 1.120 1.170 1.220
273 94 96 95.0 236.0 234.0 235.0 0.130 0.230 0.330 0.480 0.610 0.720 0.840 0.960 1.090 1.210 1.340 1.480 1.640 1.810 1.990 2.180 2.370 2.570 2.760
274 91 94 92.5 239.0 236.0 237.5 0.150 0.260 0.390 0.550 0.680 0.790 0.890 0.980 1.050 1.110 1.150 1.190 1.230 1.260 1.300 1.340 1.390 1.450 1.520
275 89 91 90.0 241.0 239.0 240.0 0.160 0.280 0.400 0.570 0.710 0.830 0.930 1.030 1.100 1.160 1.210 1.250 1.290 1.320 1.360 1.400 1.450 1.510 1.580
276 87 89 88.0 243.0 241.0 242.0 0.150 0.270 0.400 0.560 0.700 0.810 0.910 1.000 1.070 1.130 1.160 1.190 1.230 1.250 1.280 1.320 1.360 1.420 1.490
277 85 87 86.0 245.0 243.0 244.0 0.160 0.280 0.400 0.570 0.710 0.820 0.920 1.020 1.090 1.150 1.190 1.230 1.260 1.290 1.320 1.360 1.410 1.460 1.530
278 83 85 84.0 247.0 245.0 246.0 0.160 0.290 0.420 0.600 0.740 0.860 0.970 1.070 1.150 1.200 1.250 1.280 1.320 1.350 1.380 1.420 1.480 1.540 1.610
279 81 83 82.5 249.0 247.0 247.5 0.170 0.300 0.430 0.610 0.760 0.880 0.980 1.080 1.160 1.210 1.260 1.290 1.320 1.360 1.390 1.430 1.490 1.560 1.630
280 79 81 80.0 251.0 249.0 250.0 0.160 0.280 0.410 0.580 0.720 0.840 0.940 1.040 1.110 1.170 1.210 1.250 1.280 1.310 1.340 1.380 1.430 1.490 1.560
281 77 79 78.0 253.0 251.0 252.0 0.150 0.270 0.390 0.550 0.680 0.790 0.880 0.970 1.040 1.090 1.130 1.160 1.190 1.220 1.240 1.280 1.320 1.380 1.440
282 75 77 76.0 255.0 253.0 254.0 0.160 0.290 0.420 0.600 0.740 0.850 0.950 1.040 1.120 1.170 1.200 1.220 1.250 1.270 1.290 1.320 1.370 1.420 1.490
283 73 75 74.0 257.0 255.0 256.0 0.160 0.290 0.430 0.600 0.740 0.860 0.970 1.060 1.140 1.200 1.240 1.280 1.320 1.360 1.400 1.450 1.510 1.580 1.660
284 71 73 72.0 259.0 257.0 258.0 0.130 0.230 0.340 0.480 0.600 0.700 0.790 0.870 0.940 0.990 1.030 1.060 1.090 1.120 1.150 1.180 1.220 1.270 1.330
285 69 71 70.0 261.0 259.0 260.0 0.140 0.260 0.380 0.530 0.660 0.770 0.870 0.960 1.040 1.100 1.140 1.180 1.220 1.260 1.290 1.340 1.390 1.450 1.520
286 67 69 68.0 263.0 261.0 262.0 0.160 0.280 0.410 0.580 0.720 0.830 0.930 1.020 1.090 1.130 1.160 1.170 1.180 1.190 1.200 1.210 1.230 1.270 1.310
287 65 67 66.0 265.0 263.0 264.0 0.200 0.350 0.520 0.730 0.900 1.040 1.160 1.260 1.350 1.400 1.430 1.450 1.460 1.480 1.490 1.510 1.550 1.600 1.670
288 63 65 64.0 267.0 265.0 266.0 0.180 0.320 0.470 0.660 0.820 0.950 1.070 1.180 1.270 1.340 1.390 1.440 1.490 1.530 1.580 1.630 1.700 1.770 1.860
289 61 63 62.0 269.0 267.0 268.0 0.210 0.370 0.550 0.770 0.960 1.110 1.240 1.370 1.470 1.540 1.600 1.650 1.700 1.750 1.810 1.870 1.950 2.050 2.150
290 59 61 60.0 271.0 269.0 270.0 0.180 0.320 0.470 0.670 0.840 0.990 1.140 1.290 1.440 1.580 1.720 1.880 2.060 2.260 2.470 2.700 2.940 3.190 3.430
291 57 59 58.0 273.0 271.0 272.0 0.250 0.440 0.640 0.900 1.100 1.270 1.410 1.540 1.630 1.690 1.730 1.760 1.780 1.800 1.830 1.870 1.930 2.010 2.090
292 55 57 56.0 275.0 273.0 274.0 0.200 0.360 0.520 0.740 0.910 1.050 1.180 1.290 1.390 1.450 1.500 1.540 1.580 1.620 1.670 1.720 1.790 1.870 1.960
293 53 55 54.0 277.0 275.0 276.0 0.210 0.370 0.540 0.760 0.930 1.080 1.200 1.320 1.410 1.470 1.520 1.560 1.590 1.630 1.680 1.740 1.810 1.900 1.990
294 50 53 51.5 280.0 277.0 278.5 0.230 0.400 0.590 0.830 1.020 1.170 1.300 1.420 1.510 1.570 1.610 1.640 1.670 1.700 1.740 1.780 1.850 1.930 2.030
295 48 50 49.0 282.0 280.0 281.0 0.220 0.380 0.560 0.790 0.980 1.130 1.270 1.390 1.490 1.560 1.620 1.660 1.710 1.760 1.810 1.870 1.950 2.050 2.150
296 46 48 47.0 284.0 282.0 283.0 0.220 0.380 0.560 0.790 0.970 1.120 1.240 1.350 1.440 1.490 1.520 1.540 1.560 1.570 1.590 1.620 1.670 1.730 1.800
297 44 46 45.0 286.0 284.0 285.0 0.200 0.350 0.520 0.730 0.900 1.040 1.170 1.280 1.370 1.430 1.480 1.510 1.550 1.580 1.610 1.650 1.710 1.770 1.840
298 42 44 43.0 288.0 286.0 287.0 0.130 0.240 0.350 0.500 0.630 0.740 0.860 0.980 1.110 1.230 1.360 1.520 1.690 1.880 2.100 2.330 2.580 2.840 3.100
299 40 42 41.0 290.0 288.0 289.0 0.200 0.350 0.520 0.730 0.900 1.040 1.150 1.260 1.350 1.400 1.440 1.470 1.500 1.520 1.550 1.590 1.640 1.710 1.780
300 38 40 39.0 292.0 290.0 291.0 0.210 0.370 0.540 0.760 0.930 1.070 1.200 1.300 1.390 1.440 1.480 1.500 1.530 1.560 1.590 1.630 1.700 1.790 1.890
301 36 38 37.0 294.0 292.0 293.0 0.190 0.330 0.490 0.690 0.850 0.990 1.110 1.220 1.310 1.370 1.420 1.450 1.490 1.520 1.550 1.590 1.640 1.710 1.790
302 36 38 37.0 294.0 292.0 293.0 0.110 0.190 0.280 0.400 0.510 0.600 0.700 0.800 0.910 1.010 1.130 1.260 1.410 1.570 1.750 1.950 2.160 2.380 2.610
303 34 36 35.0 296.0 294.0 295.0 0.180 0.310 0.460 0.650 0.800 0.930 1.040 1.150 1.240 1.300 1.360 1.400 1.450 1.490 1.540 1.600 1.670 1.760 1.870
304 32 34 33.0 298.0 296.0 297.0 0.270 0.490 0.770 1.010 1.170 1.260 1.300 1.290 1.260 1.230 1.230 1.310 1.470 1.730 2.080 2.510 2.970 3.410 3.810
305 30 32 31.0 300.0 298.0 299.0 0.180 0.310 0.460 0.650 0.810 0.960 1.100 1.240 1.380 1.510 1.650 1.800 1.980 2.180 2.400 2.640 2.890 3.160 3.420
306 27 30 28.5 303.0 300.0 301.5 0.290 0.530 0.850 1.080 1.230 1.300 1.280 1.210 1.100 0.990 0.930 0.950 1.070 1.320 1.680 2.120 2.600 3.050 3.440
307 24 26 25.0 306.0 304.0 305.0 0.140 0.250 0.370 0.520 0.650 0.770 0.880 0.990 1.090 1.190 1.290 1.390 1.510 1.650 1.800 1.960 2.140 2.340 2.530
Height (cm) Depth (cm) 
original 
(base=0) depth (top=0)
Grain size distributions (Laser Coulter Counter, AWI Potsdam) in φ
ID mean mean 11.381 11.245 11.111 10.977 10.841 10.708 10.572 10.438 10.304 10.168 10.035 9.900 9.765 9.631 9.496 9.362 9.227 9.092 8.959
308 22 24 23.0 308.0 306.0 307.0 0.190 0.330 0.490 0.690 0.850 0.990 1.100 1.210 1.300 1.360 1.400 1.440 1.470 1.500 1.540 1.590 1.650 1.720 1.810
309 20 22 21.0 310.0 308.0 309.0 0.160 0.290 0.420 0.590 0.730 0.850 0.950 1.050 1.120 1.180 1.220 1.250 1.280 1.310 1.340 1.380 1.430 1.490 1.570
310 15 17 16.0 315.0 313.0 314.0 0.170 0.300 0.440 0.620 0.770 0.890 1.000 1.100 1.180 1.240 1.280 1.320 1.350 1.390 1.420 1.460 1.520 1.590 1.670
311 9 11 10.0 321.0 319.0 320.0 0.120 0.210 0.310 0.430 0.540 0.620 0.700 0.770 0.830 0.870 0.900 0.930 0.950 0.970 0.980 1.000 1.030 1.070 1.120
312 0 4 2.0 330.0 326.0 328.0 0.120 0.200 0.300 0.430 0.530 0.610 0.690 0.760 0.820 0.860 0.890 0.910 0.940 0.950 0.970 0.990 1.020 1.050 1.090
P15
324 161 163 162.0 148.0 146.0 147.0 0.040 0.070 0.100 0.150 0.190 0.220 0.260 0.300 0.340 0.370 0.410 0.460 0.510 0.570 0.630 0.690 0.770 0.840 0.920
325 171 173 172.0 138.0 136.0 137.0 0.037 0.066 0.097 0.140 0.180 0.220 0.250 0.300 0.340 0.380 0.420 0.460 0.500 0.550 0.600 0.640 0.690 0.730 0.770
326 174 176 175.0 135.0 133.0 134.0 0.021 0.037 0.055 0.080 0.100 0.120 0.150 0.170 0.200 0.230 0.250 0.280 0.320 0.350 0.380 0.410 0.450 0.480 0.510
327 178 180 179.0 131.0 129.0 130.0 0.027 0.048 0.071 0.100 0.130 0.160 0.190 0.230 0.260 0.300 0.340 0.380 0.430 0.480 0.540 0.590 0.650 0.710 0.770
332 198 200 199.0 111.0 109.0 110.0 0.034 0.061 0.090 0.130 0.170 0.200 0.230 0.270 0.310 0.340 0.380 0.420 0.460 0.500 0.550 0.590 0.640 0.690 0.730
333 202 204 203.0 107.0 105.0 106.0 0.043 0.077 0.110 0.160 0.210 0.250 0.290 0.330 0.380 0.420 0.470 0.510 0.560 0.610 0.670 0.720 0.780 0.830 0.890
334 206 208 207.0 103.0 101.0 102.0 0.046 0.082 0.120 0.170 0.220 0.260 0.310 0.350 0.390 0.430 0.470 0.510 0.550 0.590 0.620 0.660 0.700 0.730 0.760
335 210 212 211.0 99.0 97.0 98.0 0.053 0.094 0.140 0.200 0.250 0.300 0.350 0.400 0.450 0.500 0.550 0.600 0.650 0.700 0.760 0.810 0.870 0.930 0.990
336 214 216 215.0 95.0 93.0 94.0 0.080 0.140 0.210 0.300 0.380 0.450 0.520 0.580 0.650 0.700 0.760 0.820 0.870 0.930 0.990 1.050 1.120 1.190 1.250
337 218 220 219.0 91.0 89.0 90.0 0.055 0.098 0.150 0.210 0.260 0.320 0.370 0.420 0.470 0.520 0.570 0.620 0.680 0.730 0.780 0.840 0.890 0.950 1.000
338 222 224 223.0 87.0 85.0 86.0 0.078 0.140 0.200 0.290 0.370 0.440 0.500 0.570 0.630 0.690 0.740 0.800 0.850 0.910 0.960 1.020 1.080 1.150 1.210
339 226 228 227.0 83.0 81.0 82.0 0.089 0.160 0.230 0.330 0.420 0.490 0.560 0.630 0.700 0.750 0.800 0.850 0.900 0.950 0.990 1.040 1.090 1.150 1.200
340 230 232 231.0 79.0 77.0 78.0 0.082 0.150 0.210 0.310 0.390 0.460 0.520 0.590 0.660 0.710 0.770 0.820 0.870 0.920 0.970 1.030 1.080 1.140 1.200
341 234 236 235.0 75.0 73.0 74.0 0.064 0.110 0.170 0.240 0.300 0.360 0.420 0.470 0.530 0.580 0.620 0.670 0.720 0.770 0.820 0.860 0.910 0.960 1.010
342 238 240 239.0 71.0 69.0 70.0 0.070 0.120 0.180 0.260 0.330 0.390 0.450 0.510 0.570 0.620 0.670 0.710 0.760 0.800 0.850 0.890 0.940 0.980 1.030
343 242 244 241.0 67.0 65.0 68.0 0.100 0.180 0.270 0.380 0.470 0.560 0.630 0.710 0.770 0.820 0.860 0.900 0.930 0.960 0.980 1.000 1.020 1.050 1.080
344 246 248 247.0 63.0 61.0 62.0 0.079 0.140 0.210 0.300 0.370 0.440 0.510 0.570 0.630 0.690 0.730 0.780 0.830 0.870 0.920 0.960 1.010 1.050 1.100
345 250 252 251.0 59.0 57.0 58.0 0.050 0.088 0.130 0.190 0.240 0.280 0.330 0.380 0.420 0.460 0.500 0.540 0.590 0.630 0.670 0.710 0.750 0.790 0.830
346 260 262 261.0 49.0 47.0 48.0 0.045 0.080 0.120 0.170 0.220 0.260 0.300 0.350 0.390 0.430 0.480 0.520 0.570 0.610 0.660 0.710 0.760 0.810 0.850
P21-H
397 225 230 227.5 15.0 10.0 12.5 0.110 0.190 0.270 0.390 0.480 0.560 0.620 0.680 0.730 0.760 0.780 0.790 0.800 0.800 0.800 0.800 0.820 0.840 0.860
398 220 225 222.5 20.0 15.0 17.5 0.120 0.210 0.310 0.440 0.550 0.640 0.710 0.780 0.830 0.860 0.880 0.890 0.900 0.910 0.910 0.920 0.940 0.960 1.000
399 215 220 217.5 25.0 20.0 22.5 0.097 0.170 0.250 0.360 0.440 0.520 0.580 0.640 0.690 0.720 0.750 0.770 0.780 0.790 0.800 0.810 0.830 0.850 0.880
400 212 215 213.5 28.0 25.0 26.5 0.078 0.140 0.200 0.290 0.360 0.420 0.480 0.530 0.570 0.610 0.630 0.650 0.670 0.680 0.690 0.700 0.720 0.740 0.760
405 138 145 141.5 102.0 95.0 98.5 0.043 0.076 0.110 0.160 0.200 0.230 0.260 0.290 0.320 0.340 0.350 0.360 0.370 0.380 0.380 0.380 0.390 0.400 0.400
406 133 138 135.5 107.0 102.0 104.5 0.037 0.066 0.098 0.140 0.170 0.200 0.230 0.260 0.280 0.300 0.310 0.320 0.320 0.330 0.330 0.330 0.330 0.330 0.330
407 128 133 130.5 112.0 107.0 109.5 0.062 0.110 0.160 0.230 0.290 0.330 0.380 0.420 0.450 0.480 0.500 0.520 0.530 0.540 0.540 0.550 0.560 0.570 0.580
408 126 128 127.0 114.0 112.0 113.0 0.073 0.130 0.190 0.270 0.350 0.420 0.490 0.570 0.650 0.740 0.830 0.930 1.040 1.170 1.300 1.440 1.590 1.740 1.890
409 124 126 125.0 116.0 114.0 115.0 0.081 0.140 0.210 0.300 0.380 0.460 0.530 0.610 0.690 0.760 0.850 0.940 1.050 1.160 1.290 1.420 1.570 1.730 1.890
410 121 124 122.5 119.0 116.0 117.5 0.068 0.120 0.180 0.250 0.320 0.390 0.460 0.530 0.600 0.680 0.770 0.860 0.960 1.080 1.200 1.330 1.470 1.610 1.740
411 100 120 110.0 140.0 120.0 130.0 0.066 0.120 0.170 0.240 0.300 0.350 0.400 0.440 0.480 0.500 0.520 0.540 0.550 0.560 0.570 0.580 0.600 0.620 0.640
412 70 90 80.0 170.0 150.0 160.0 0.052 0.093 0.140 0.190 0.240 0.280 0.310 0.350 0.370 0.390 0.410 0.420 0.440 0.460 0.470 0.500 0.520 0.560 0.600
413 30 40 35.0 210.0 200.0 205.0 0.021 0.037 0.055 0.079 0.099 0.120 0.140 0.150 0.170 0.180 0.200 0.210 0.220 0.230 0.230 0.240 0.250 0.260 0.260
414 20 25 22.5 220.0 215.0 217.5 0.017 0.032 0.054 0.075 0.094 0.110 0.130 0.140 0.150 0.160 0.170 0.170 0.170 0.170 0.170 0.170 0.170 0.170 0.170
415 15 20 17.5 225.0 220.0 222.5 0.019 0.036 0.060 0.083 0.100 0.120 0.140 0.160 0.170 0.180 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190 0.190
416 10 15 12.5 230.0 225.0 227.5 0.017 0.032 0.053 0.073 0.092 0.110 0.120 0.140 0.150 0.160 0.160 0.170 0.170 0.170 0.170 0.160 0.160 0.160 0.160
417 5 10 7.5 235.0 230.0 232.5 0.022 0.039 0.058 0.083 0.100 0.120 0.140 0.160 0.170 0.190 0.200 0.210 0.220 0.230 0.230 0.240 0.240 0.250 0.250
418 0 5 2.5 240.0 235.0 237.5 0.017 0.033 0.055 0.076 0.095 0.110 0.130 0.140 0.160 0.170 0.170 0.180 0.180 0.180 0.180 0.180 0.180 0.180 0.180
Table 10.1: Original grain size data sets from individual sediment sections used in this study.
original depth (top=0)
Height (cm) Depth (cm) 
ID 8.824 8.689 8.554 8.420 8.285 8.151 8.016 7.881 7.747 7.612 7.478 7.343 7.209 7.074 6.940 6.805 6.670 6.535 6.401 6.266 6.132 5.998 5.863 5.729 5.594 5.459
P02
512 1.090 1.170 1.250 1.310 1.350 1.370 1.370 1.350 1.300 1.230 1.150 1.050 0.940 0.830 0.720 0.630 0.560 0.510 0.490 0.480 0.500 0.540 0.600 0.670 0.750 0.830
514 0.380 0.390 0.400 0.410 0.430 0.440 0.460 0.470 0.490 0.510 0.520 0.530 0.550 0.560 0.570 0.590 0.610 0.630 0.660 0.690 0.730 0.790 0.860 0.960 1.080 1.210
516 0.260 0.270 0.280 0.280 0.290 0.300 0.310 0.310 0.320 0.330 0.330 0.340 0.340 0.350 0.350 0.360 0.360 0.370 0.380 0.390 0.400 0.420 0.450 0.480 0.520 0.570
518 0.670 0.690 0.720 0.750 0.780 0.810 0.840 0.870 0.900 0.920 0.940 0.960 0.980 0.990 1.000 1.010 1.020 1.030 1.050 1.080 1.120 1.170 1.250 1.370 1.520 1.690
520 1.070 1.110 1.150 1.200 1.250 1.300 1.350 1.390 1.440 1.480 1.520 1.560 1.600 1.630 1.670 1.720 1.770 1.820 1.880 1.950 2.020 2.090 2.180 2.270 2.370 2.480
522 2.040 2.210 2.350 2.480 2.570 2.630 2.650 2.630 2.570 2.480 2.350 2.210 2.050 1.890 1.740 1.600 1.500 1.440 1.420 1.440 1.490 1.590 1.710 1.850 1.980 2.090
524 0.590 0.610 0.640 0.670 0.700 0.730 0.760 0.800 0.830 0.860 0.900 0.930 0.960 0.990 1.020 1.060 1.100 1.150 1.210 1.280 1.370 1.480 1.630 1.810 2.030 2.260
526 0.660 0.680 0.700 0.730 0.750 0.780 0.820 0.860 0.900 0.950 1.000 1.050 1.110 1.180 1.260 1.350 1.460 1.590 1.740 1.900 2.080 2.280 2.500 2.720 2.940 3.160
528 2.270 2.470 2.640 2.790 2.910 2.990 3.020 3.000 2.940 2.840 2.700 2.530 2.350 2.160 1.990 1.830 1.720 1.650 1.640 1.680 1.770 1.910 2.060 2.200 2.320 2.390
530 2.280 2.450 2.590 2.720 2.810 2.860 2.870 2.840 2.770 2.670 2.530 2.380 2.210 2.050 1.890 1.770 1.680 1.640 1.640 1.680 1.760 1.870 1.990 2.120 2.220 2.280
532 1.230 1.300 1.380 1.460 1.560 1.650 1.740 1.840 1.930 2.010 2.090 2.160 2.230 2.280 2.340 2.380 2.430 2.470 2.500 2.530 2.560 2.600 2.640 2.690 2.730 2.760
534 0.970 1.020 1.070 1.130 1.200 1.260 1.330 1.400 1.460 1.530 1.580 1.640 1.690 1.750 1.800 1.850 1.900 1.960 2.020 2.100 2.180 2.290 2.420 2.570 2.730 2.890
536 1.350 1.430 1.510 1.600 1.690 1.790 1.890 1.990 2.080 2.170 2.250 2.330 2.410 2.480 2.550 2.610 2.680 2.740 2.800 2.860 2.910 2.960 3.010 3.040 3.050 3.020
538 1.520 1.620 1.730 1.850 1.970 2.090 2.210 2.330 2.430 2.530 2.610 2.680 2.730 2.780 2.810 2.830 2.840 2.840 2.820 2.780 2.730 2.670 2.600 2.520 2.420 2.290
567 1.410 1.480 1.560 1.650 1.740 1.820 1.910 1.990 2.060 2.130 2.190 2.230 2.280 2.310 2.340 2.370 2.390 2.410 2.430 2.450 2.470 2.510 2.550 2.610 2.670 2.720
P06
49 1.010 1.060 1.090 1.110 1.120 1.110 1.090 1.050 1.010 0.950 0.890 0.840 0.780 0.730 0.700 0.680 0.670 0.690 0.730 0.780 0.850 0.940 1.050 1.180 1.330 1.470
51 0.830 0.850 0.860 0.860 0.860 0.840 0.810 0.770 0.720 0.650 0.580 0.510 0.440 0.380 0.330 0.290 0.280 0.270 0.270 0.270 0.260 0.250 0.250 0.260 0.270 0.290
53 0.840 0.870 0.890 0.900 0.900 0.880 0.860 0.820 0.770 0.710 0.640 0.560 0.490 0.420 0.370 0.320 0.290 0.280 0.270 0.270 0.270 0.270 0.270 0.280 0.280 0.290
55 0.740 0.770 0.800 0.820 0.830 0.830 0.820 0.790 0.760 0.720 0.670 0.610 0.560 0.500 0.450 0.410 0.380 0.370 0.370 0.380 0.400 0.430 0.470 0.520 0.580 0.640
57 1.120 1.200 1.260 1.320 1.350 1.370 1.360 1.330 1.280 1.220 1.130 1.040 0.950 0.860 0.780 0.710 0.670 0.650 0.660 0.690 0.740 0.820 0.920 1.030 1.160 1.300
59 0.940 0.980 1.020 1.050 1.080 1.100 1.110 1.110 1.100 1.080 1.050 1.020 0.980 0.940 0.910 0.880 0.860 0.850 0.850 0.850 0.880 0.920 0.980 1.060 1.160 1.250
61 1.310 1.390 1.470 1.540 1.600 1.640 1.670 1.690 1.700 1.680 1.660 1.620 1.580 1.540 1.490 1.450 1.420 1.390 1.370 1.350 1.320 1.290 1.260 1.250 1.240 1.260
63 1.780 1.850 1.910 1.950 1.980 1.990 1.980 1.940 1.890 1.820 1.730 1.640 1.540 1.440 1.360 1.290 1.240 1.210 1.170 1.130 1.090 1.060 1.060 1.090 1.140 1.180
65 2.540 2.640 2.730 2.790 2.840 2.850 2.830 2.780 2.700 2.590 2.460 2.300 2.140 1.970 1.820 1.680 1.570 1.470 1.380 1.290 1.220 1.160 1.120 1.090 1.050 0.980
67 1.780 1.860 1.920 1.980 2.010 2.030 2.020 2.000 1.950 1.890 1.800 1.720 1.620 1.530 1.460 1.400 1.370 1.360 1.360 1.370 1.380 1.380 1.380 1.370 1.370 1.370
69 1.860 1.940 2.010 2.070 2.120 2.150 2.170 2.170 2.150 2.120 2.070 2.020 1.970 1.920 1.890 1.870 1.870 1.880 1.900 1.920 1.940 1.950 1.960 1.960 1.940 1.910
71 1.600 1.670 1.740 1.800 1.870 1.930 1.980 2.030 2.080 2.120 2.150 2.190 2.220 2.250 2.290 2.320 2.370 2.410 2.440 2.460 2.460 2.440 2.410 2.370 2.300 2.200
73 1.930 2.000 2.060 2.110 2.150 2.160 2.170 2.150 2.120 2.070 2.020 1.950 1.890 1.830 1.780 1.750 1.730 1.740 1.750 1.760 1.770 1.780 1.780 1.790 1.800 1.800
75 1.830 1.920 2.020 2.120 2.220 2.310 2.400 2.480 2.540 2.600 2.630 2.660 2.660 2.660 2.640 2.610 2.570 2.520 2.450 2.370 2.270 2.170 2.070 1.990 1.920 1.840
77 2.060 2.170 2.280 2.390 2.490 2.570 2.650 2.700 2.740 2.760 2.760 2.740 2.710 2.670 2.620 2.560 2.500 2.430 2.340 2.240 2.130 2.010 1.900 1.810 1.720 1.630
79 1.840 1.930 2.030 2.130 2.220 2.310 2.400 2.470 2.540 2.590 2.630 2.660 2.680 2.700 2.700 2.710 2.710 2.710 2.690 2.670 2.630 2.580 2.530 2.470 2.390 2.280
81 2.670 2.820 2.950 3.070 3.160 3.230 3.270 3.270 3.240 3.170 3.060 2.920 2.770 2.600 2.430 2.260 2.110 1.970 1.830 1.700 1.570 1.450 1.350 1.250 1.170 1.080
83 1.770 1.870 1.960 2.050 2.130 2.190 2.240 2.270 2.290 2.290 2.280 2.250 2.210 2.170 2.120 2.080 2.040 2.000 1.960 1.920 1.870 1.830 1.800 1.770 1.760 1.730
85 2.010 2.110 2.220 2.320 2.420 2.500 2.580 2.640 2.680 2.700 2.710 2.700 2.670 2.630 2.580 2.520 2.460 2.390 2.300 2.200 2.080 1.950 1.820 1.700 1.580 1.460
87 2.010 2.130 2.250 2.360 2.450 2.530 2.590 2.630 2.640 2.630 2.590 2.530 2.460 2.370 2.270 2.170 2.070 1.960 1.850 1.740 1.610 1.490 1.380 1.280 1.180 1.080
89 1.370 1.440 1.520 1.600 1.680 1.770 1.850 1.940 2.020 2.110 2.190 2.270 2.360 2.450 2.530 2.620 2.710 2.780 2.840 2.870 2.870 2.830 2.750 2.630 2.460 2.260
91 1.710 1.800 1.890 1.980 2.070 2.150 2.230 2.300 2.360 2.410 2.460 2.500 2.530 2.550 2.580 2.600 2.610 2.620 2.610 2.590 2.530 2.460 2.380 2.270 2.150 2.010
93 2.290 2.440 2.590 2.740 2.890 3.030 3.150 3.260 3.350 3.410 3.440 3.440 3.410 3.360 3.270 3.160 3.010 2.840 2.620 2.370 2.110 1.840 1.590 1.370 1.180 1.000
95 1.960 2.070 2.170 2.260 2.340 2.400 2.450 2.480 2.480 2.470 2.440 2.400 2.350 2.290 2.230 2.180 2.130 2.090 2.060 2.010 1.970 1.940 1.920 1.890 1.830 1.740
97 1.770 1.860 1.930 2.000 2.050 2.090 2.100 2.090 2.060 2.020 1.960 1.890 1.810 1.730 1.660 1.600 1.550 1.520 1.490 1.460 1.440 1.420 1.430 1.440 1.440 1.420
99 1.620 1.690 1.750 1.800 1.850 1.870 1.880 1.870 1.850 1.820 1.770 1.710 1.650 1.590 1.540 1.500 1.470 1.460 1.450 1.450 1.440 1.430 1.430 1.440 1.450 1.460
101 1.730 1.820 1.910 2.000 2.080 2.160 2.220 2.280 2.320 2.350 2.370 2.370 2.370 2.360 2.340 2.320 2.300 2.280 2.250 2.230 2.200 2.180 2.180 2.190 2.210 2.210
ID 8.824 8.689 8.554 8.420 8.285 8.151 8.016 7.881 7.747 7.612 7.478 7.343 7.209 7.074 6.940 6.805 6.670 6.535 6.401 6.266 6.132 5.998 5.863 5.729 5.594 5.459
103 1.790 1.880 1.970 2.050 2.130 2.190 2.240 2.280 2.300 2.310 2.310 2.290 2.270 2.240 2.210 2.180 2.150 2.130 2.100 2.080 2.040 2.010 1.970 1.940 1.890 1.830
105 1.700 1.780 1.850 1.930 2.000 2.050 2.100 2.140 2.160 2.170 2.170 2.160 2.140 2.120 2.100 2.080 2.070 2.060 2.050 2.040 2.020 1.990 1.970 1.950 1.930 1.890
107 1.200 1.240 1.280 1.310 1.340 1.360 1.380 1.390 1.400 1.400 1.410 1.410 1.420 1.430 1.450 1.480 1.520 1.580 1.650 1.720 1.800 1.890 1.980 2.070 2.170 2.250
109 1.190 1.240 1.290 1.330 1.370 1.400 1.420 1.430 1.440 1.450 1.450 1.450 1.450 1.470 1.490 1.520 1.570 1.650 1.740 1.850 1.980 2.130 2.290 2.450 2.630 2.800
111 1.080 1.130 1.180 1.220 1.270 1.310 1.340 1.380 1.400 1.430 1.450 1.470 1.500 1.520 1.550 1.590 1.650 1.710 1.780 1.860 1.940 2.040 2.140 2.250 2.360 2.460
113 1.090 1.140 1.190 1.230 1.260 1.290 1.310 1.330 1.330 1.330 1.330 1.330 1.320 1.320 1.330 1.340 1.370 1.410 1.460 1.520 1.590 1.670 1.760 1.870 1.990 2.100
115 1.540 1.600 1.660 1.710 1.750 1.770 1.780 1.780 1.760 1.740 1.700 1.660 1.620 1.580 1.540 1.520 1.500 1.500 1.510 1.530 1.550 1.580 1.630 1.680 1.740 1.800
117 1.390 1.460 1.530 1.590 1.640 1.670 1.690 1.700 1.700 1.680 1.650 1.610 1.570 1.520 1.490 1.460 1.440 1.440 1.440 1.450 1.470 1.500 1.550 1.600 1.670 1.730
119 1.690 1.790 1.880 1.950 2.010 2.040 2.060 2.060 2.030 1.980 1.920 1.850 1.770 1.690 1.620 1.560 1.520 1.490 1.470 1.460 1.450 1.460 1.470 1.500 1.530 1.560
121 1.650 1.730 1.810 1.880 1.930 1.970 1.980 1.980 1.950 1.910 1.850 1.780 1.710 1.630 1.570 1.510 1.480 1.460 1.450 1.450 1.450 1.440 1.430 1.430 1.450 1.500
123 1.570 1.650 1.730 1.790 1.840 1.870 1.890 1.890 1.870 1.840 1.790 1.730 1.670 1.620 1.570 1.530 1.510 1.500 1.500 1.510 1.530 1.550 1.570 1.600 1.640 1.680
125 1.490 1.570 1.630 1.690 1.740 1.770 1.790 1.790 1.780 1.750 1.710 1.670 1.610 1.560 1.520 1.480 1.460 1.450 1.450 1.450 1.470 1.490 1.530 1.570 1.630 1.680
127 1.490 1.560 1.630 1.690 1.740 1.770 1.780 1.780 1.770 1.740 1.700 1.650 1.590 1.540 1.490 1.450 1.430 1.420 1.410 1.420 1.430 1.460 1.490 1.540 1.600 1.660
129 1.810 1.900 1.990 2.070 2.150 2.210 2.250 2.280 2.300 2.290 2.280 2.240 2.210 2.160 2.120 2.080 2.050 2.020 1.990 1.950 1.910 1.850 1.800 1.750 1.690 1.630
131 0.990 1.030 1.070 1.090 1.110 1.120 1.120 1.120 1.100 1.080 1.060 1.030 1.010 0.990 0.970 0.970 0.980 1.010 1.060 1.130 1.220 1.350 1.510 1.690 1.900 2.100
133 1.240 1.290 1.340 1.390 1.440 1.490 1.540 1.580 1.630 1.670 1.720 1.770 1.830 1.890 1.970 2.060 2.160 2.280 2.410 2.550 2.700 2.840 2.990 3.110 3.200 3.230
135 1.340 1.410 1.490 1.580 1.680 1.800 1.920 2.060 2.200 2.360 2.520 2.690 2.860 3.040 3.210 3.380 3.530 3.660 3.750 3.780 3.740 3.630 3.460 3.230 2.950 2.630
137 1.310 1.360 1.410 1.470 1.530 1.590 1.660 1.740 1.830 1.920 2.030 2.140 2.270 2.410 2.560 2.730 2.900 3.090 3.280 3.450 3.590 3.670 3.730 3.760 3.760 3.700
139 1.660 1.750 1.840 1.940 2.050 2.150 2.250 2.360 2.460 2.560 2.660 2.750 2.840 2.920 3.010 3.080 3.150 3.200 3.230 3.220 3.180 3.110 3.010 2.870 2.700 2.480
141 1.610 1.700 1.800 1.900 2.000 2.110 2.210 2.320 2.420 2.520 2.620 2.710 2.800 2.890 2.970 3.050 3.110 3.160 3.180 3.170 3.130 3.050 2.940 2.800 2.620 2.400
143 1.420 1.480 1.540 1.610 1.670 1.720 1.780 1.830 1.880 1.920 1.970 2.010 2.060 2.110 2.160 2.230 2.310 2.390 2.480 2.570 2.650 2.730 2.800 2.860 2.890 2.880
145 0.720 0.740 0.760 0.780 0.780 0.790 0.780 0.780 0.760 0.740 0.720 0.700 0.690 0.670 0.660 0.660 0.670 0.710 0.760 0.850 0.970 1.140 1.360 1.640 1.970 2.350
147 0.720 0.740 0.760 0.770 0.780 0.780 0.780 0.780 0.780 0.780 0.770 0.770 0.780 0.780 0.800 0.830 0.870 0.930 1.020 1.130 1.270 1.440 1.650 1.900 2.180 2.490
149 1.290 1.350 1.410 1.480 1.540 1.610 1.690 1.770 1.850 1.930 2.020 2.120 2.220 2.330 2.450 2.570 2.710 2.840 2.980 3.100 3.210 3.290 3.360 3.380 3.370 3.290
151 1.330 1.400 1.470 1.550 1.630 1.710 1.800 1.900 2.000 2.110 2.220 2.330 2.450 2.570 2.680 2.810 2.930 3.040 3.130 3.200 3.250 3.280 3.300 3.270 3.170 3.000
153 1.010 1.050 1.080 1.120 1.160 1.190 1.230 1.270 1.300 1.340 1.380 1.430 1.480 1.540 1.620 1.700 1.800 1.920 2.050 2.200 2.370 2.550 2.750 2.950 3.150 3.340
155 1.340 1.410 1.470 1.530 1.590 1.650 1.710 1.760 1.810 1.860 1.910 1.970 2.030 2.090 2.160 2.240 2.330 2.430 2.530 2.630 2.730 2.820 2.910 2.980 3.030 3.040
157 1.010 1.050 1.090 1.120 1.160 1.190 1.230 1.260 1.300 1.340 1.370 1.420 1.470 1.520 1.590 1.660 1.750 1.840 1.950 2.060 2.180 2.310 2.440 2.570 2.700 2.830
P14
159 0.420 0.430 0.450 0.470 0.490 0.510 0.530 0.560 0.580 0.610 0.630 0.650 0.680 0.700 0.730 0.750 0.780 0.810 0.850 0.890 0.940 1.000 1.080 1.180 1.300 1.430
160 0.310 0.310 0.320 0.320 0.340 0.350 0.360 0.370 0.390 0.400 0.410 0.420 0.430 0.430 0.440 0.440 0.440 0.450 0.460 0.470 0.490 0.510 0.550 0.600 0.670 0.740
161 0.580 0.600 0.630 0.660 0.700 0.730 0.770 0.810 0.850 0.890 0.920 0.960 0.990 1.020 1.050 1.090 1.120 1.160 1.200 1.250 1.300 1.380 1.470 1.580 1.710 1.860
162 0.500 0.510 0.530 0.550 0.580 0.610 0.640 0.670 0.700 0.730 0.770 0.800 0.830 0.860 0.880 0.910 0.950 0.980 1.020 1.070 1.120 1.190 1.280 1.380 1.510 1.640
163 0.620 0.650 0.670 0.710 0.740 0.780 0.820 0.860 0.910 0.950 0.990 1.030 1.080 1.120 1.160 1.200 1.240 1.290 1.340 1.390 1.450 1.530 1.630 1.750 1.890 2.030
164 0.650 0.670 0.700 0.730 0.770 0.810 0.850 0.890 0.930 0.970 1.010 1.050 1.090 1.120 1.160 1.200 1.240 1.290 1.340 1.400 1.470 1.560 1.660 1.780 1.920 2.070
165 0.790 0.830 0.870 0.920 0.980 1.040 1.100 1.160 1.220 1.290 1.350 1.410 1.470 1.530 1.580 1.640 1.700 1.750 1.810 1.870 1.920 1.990 2.060 2.150 2.250 2.350
166 0.810 0.840 0.880 0.930 0.990 1.040 1.110 1.170 1.240 1.300 1.370 1.430 1.490 1.550 1.610 1.670 1.730 1.790 1.860 1.920 1.990 2.070 2.170 2.270 2.370 2.460
167 0.690 0.710 0.740 0.780 0.820 0.860 0.910 0.950 1.010 1.060 1.110 1.160 1.220 1.270 1.330 1.390 1.450 1.520 1.590 1.670 1.760 1.870 1.990 2.130 2.300 2.480
168 0.800 0.830 0.860 0.890 0.930 0.960 1.000 1.040 1.080 1.110 1.150 1.180 1.220 1.250 1.290 1.340 1.390 1.460 1.540 1.640 1.760 1.910 2.080 2.290 2.510 2.730
169 2.430 2.590 2.740 2.880 2.990 3.070 3.130 3.150 3.150 3.110 3.050 2.970 2.880 2.770 2.660 2.550 2.450 2.350 2.250 2.140 2.020 1.890 1.750 1.620 1.490 1.350
170 0.650 0.660 0.680 0.700 0.720 0.750 0.770 0.800 0.830 0.850 0.880 0.900 0.930 0.960 1.000 1.030 1.080 1.140 1.210 1.300 1.410 1.550 1.720 1.930 2.170 2.430
171 0.530 0.540 0.550 0.560 0.580 0.590 0.610 0.630 0.650 0.670 0.690 0.710 0.730 0.750 0.770 0.800 0.830 0.870 0.930 0.990 1.080 1.200 1.350 1.540 1.770 2.040
172 0.500 0.510 0.520 0.530 0.550 0.560 0.580 0.600 0.620 0.640 0.660 0.690 0.710 0.740 0.780 0.810 0.860 0.920 0.990 1.080 1.190 1.340 1.530 1.760 2.050 2.380
173 0.460 0.460 0.470 0.480 0.500 0.510 0.530 0.550 0.570 0.590 0.610 0.640 0.670 0.700 0.730 0.770 0.820 0.880 0.960 1.050 1.160 1.310 1.490 1.720 1.990 2.290
ID 8.824 8.689 8.554 8.420 8.285 8.151 8.016 7.881 7.747 7.612 7.478 7.343 7.209 7.074 6.940 6.805 6.670 6.535 6.401 6.266 6.132 5.998 5.863 5.729 5.594 5.459
174 0.700 0.730 0.750 0.780 0.810 0.840 0.870 0.900 0.920 0.950 0.970 0.990 1.020 1.040 1.060 1.080 1.110 1.150 1.210 1.280 1.380 1.500 1.670 1.890 2.140 2.420
175 (1) 1.870 1.980 2.080 2.180 2.280 2.370 2.440 2.500 2.540 2.560 2.560 2.530 2.490 2.430 2.370 2.290 2.220 2.140 2.060 1.970 1.880 1.800 1.740 1.710 1.690 1.670
175 (2) 1.760 1.870 2.010 2.150 2.300 2.460 2.620 2.770 2.900 3.020 3.120 3.190 3.240 3.260 3.260 3.220 3.160 3.060 2.930 2.770 2.590 2.390 2.200 2.030 1.870 1.700
176 1.780 1.880 2.000 2.120 2.260 2.390 2.520 2.650 2.760 2.860 2.940 3.000 3.040 3.060 3.060 3.030 2.980 2.900 2.790 2.650 2.490 2.320 2.160 2.000 1.840 1.660
177 1.550 1.640 1.730 1.820 1.910 1.990 2.060 2.120 2.160 2.180 2.180 2.160 2.120 2.080 2.020 1.960 1.900 1.840 1.780 1.730 1.670 1.630 1.610 1.620 1.660 1.720
178 1.630 1.720 1.820 1.920 2.030 2.130 2.230 2.310 2.380 2.420 2.450 2.450 2.430 2.400 2.350 2.300 2.240 2.170 2.100 2.020 1.940 1.870 1.820 1.790 1.770 1.760
179 2.130 2.250 2.380 2.510 2.630 2.740 2.840 2.910 2.960 2.980 2.980 2.950 2.890 2.810 2.720 2.620 2.500 2.380 2.250 2.110 1.980 1.860 1.760 1.670 1.580 1.470
180 1.620 1.710 1.800 1.890 1.980 2.070 2.140 2.200 2.240 2.260 2.270 2.250 2.220 2.170 2.120 2.060 1.990 1.930 1.860 1.800 1.740 1.700 1.700 1.750 1.810 1.890
181 1.840 1.920 2.010 2.100 2.180 2.260 2.320 2.370 2.400 2.410 2.400 2.380 2.330 2.270 2.210 2.140 2.070 2.000 1.930 1.860 1.810 1.780 1.780 1.790 1.810 1.800
182 1.780 1.860 1.940 2.020 2.100 2.160 2.210 2.240 2.260 2.250 2.210 2.160 2.100 2.030 1.950 1.890 1.830 1.770 1.720 1.670 1.630 1.580 1.550 1.530 1.530 1.550
183 2.450 2.580 2.710 2.830 2.930 3.020 3.090 3.120 3.130 3.090 3.030 2.940 2.820 2.690 2.540 2.400 2.260 2.130 2.000 1.880 1.770 1.670 1.600 1.550 1.520 1.500
184 1.560 1.650 1.750 1.850 1.950 2.060 2.150 2.230 2.310 2.360 2.390 2.410 2.420 2.400 2.380 2.340 2.300 2.240 2.180 2.120 2.050 2.000 1.970 1.960 1.950 1.940
185 1.400 1.480 1.560 1.660 1.750 1.840 1.930 2.020 2.090 2.160 2.200 2.240 2.270 2.280 2.290 2.290 2.290 2.280 2.270 2.250 2.220 2.200 2.190 2.190 2.170 2.140
186 1.420 1.500 1.590 1.680 1.780 1.870 1.970 2.060 2.140 2.220 2.280 2.330 2.370 2.390 2.410 2.430 2.430 2.420 2.410 2.380 2.340 2.300 2.270 2.250 2.220 2.180
187 1.670 1.760 1.860 1.960 2.060 2.160 2.250 2.330 2.400 2.460 2.500 2.520 2.530 2.520 2.510 2.490 2.460 2.420 2.380 2.320 2.260 2.210 2.160 2.130 2.090 2.050
188 1.460 1.550 1.640 1.740 1.840 1.950 2.060 2.160 2.270 2.360 2.440 2.520 2.580 2.640 2.680 2.710 2.730 2.740 2.720 2.690 2.630 2.560 2.490 2.430 2.360 2.300
189 1.880 1.970 2.060 2.150 2.230 2.310 2.370 2.420 2.460 2.470 2.470 2.450 2.420 2.390 2.350 2.310 2.270 2.230 2.180 2.120 2.040 1.950 1.870 1.800 1.740 1.690
190 1.670 1.750 1.840 1.920 2.010 2.080 2.150 2.210 2.250 2.270 2.280 2.270 2.250 2.220 2.200 2.170 2.150 2.130 2.100 2.080 2.040 2.000 1.970 1.940 1.910 1.870
191 1.730 1.850 1.980 2.130 2.280 2.430 2.580 2.730 2.860 2.970 3.060 3.130 3.180 3.210 3.200 3.180 3.130 3.050 2.940 2.800 2.640 2.480 2.330 2.190 2.040 1.880
192 1.800 1.900 2.000 2.110 2.220 2.320 2.400 2.480 2.540 2.580 2.600 2.600 2.590 2.560 2.520 2.480 2.430 2.380 2.320 2.240 2.160 2.080 2.000 1.920 1.830 1.740
193 1.650 1.750 1.880 2.010 2.150 2.300 2.450 2.590 2.730 2.850 2.950 3.040 3.110 3.150 3.170 3.170 3.140 3.070 2.970 2.840 2.680 2.510 2.340 2.180 2.040 1.900
194 3.150 3.370 3.560 3.710 3.820 3.870 3.860 3.800 3.670 3.500 3.270 3.020 2.740 2.460 2.190 1.940 1.720 1.540 1.400 1.290 1.190 1.090 1.010 0.950 0.900 0.860
195 1.470 1.570 1.670 1.790 1.900 2.020 2.140 2.250 2.360 2.460 2.540 2.610 2.670 2.720 2.750 2.770 2.770 2.750 2.720 2.660 2.590 2.510 2.430 2.350 2.260 2.170
196 0.900 0.940 0.990 1.040 1.100 1.150 1.210 1.270 1.320 1.370 1.420 1.460 1.500 1.540 1.580 1.620 1.660 1.710 1.760 1.830 1.910 2.020 2.160 2.330 2.510 2.690
197 0.710 0.730 0.770 0.820 0.870 0.930 0.990 1.070 1.150 1.230 1.310 1.400 1.490 1.580 1.670 1.770 1.870 1.980 2.100 2.230 2.370 2.530 2.720 2.930 3.170 3.400
198 0.940 0.990 1.040 1.090 1.150 1.210 1.260 1.310 1.360 1.400 1.430 1.460 1.480 1.490 1.500 1.510 1.520 1.520 1.530 1.540 1.560 1.590 1.640 1.700 1.780 1.860
199 2.090 2.220 2.340 2.470 2.600 2.720 2.830 2.910 2.980 3.020 3.030 3.010 2.970 2.910 2.830 2.740 2.640 2.520 2.390 2.250 2.110 1.980 1.850 1.740 1.610 1.460
200 2.010 2.130 2.260 2.390 2.520 2.650 2.760 2.850 2.920 2.970 3.000 3.000 2.970 2.920 2.860 2.780 2.680 2.570 2.440 2.300 2.160 2.030 1.910 1.810 1.720 1.610
201 1.810 1.940 2.080 2.230 2.380 2.530 2.670 2.790 2.900 2.990 3.050 3.090 3.100 3.080 3.040 2.970 2.880 2.770 2.640 2.500 2.350 2.200 2.080 1.990 1.900 1.820
202 1.120 1.180 1.250 1.330 1.410 1.480 1.560 1.620 1.680 1.720 1.750 1.770 1.770 1.770 1.750 1.730 1.700 1.670 1.640 1.600 1.570 1.560 1.580 1.620 1.670 1.720
203 0.990 1.040 1.100 1.160 1.220 1.280 1.340 1.400 1.450 1.490 1.530 1.550 1.570 1.590 1.600 1.610 1.620 1.630 1.630 1.640 1.650 1.670 1.700 1.750 1.800 1.840
204 0.620 0.650 0.690 0.730 0.770 0.810 0.850 0.890 0.930 0.970 0.990 1.020 1.040 1.050 1.070 1.070 1.080 1.080 1.080 1.080 1.080 1.090 1.110 1.150 1.210 1.270
205 0.500 0.510 0.530 0.540 0.570 0.590 0.620 0.640 0.680 0.710 0.740 0.770 0.810 0.840 0.890 0.930 0.980 1.040 1.120 1.200 1.300 1.430 1.580 1.760 1.960 2.180
206 0.510 0.530 0.550 0.580 0.600 0.630 0.660 0.690 0.720 0.740 0.770 0.790 0.810 0.840 0.850 0.870 0.890 0.910 0.940 0.970 1.010 1.070 1.140 1.250 1.370 1.520
207 0.310 0.310 0.320 0.330 0.340 0.350 0.360 0.380 0.390 0.400 0.410 0.430 0.440 0.450 0.450 0.460 0.470 0.480 0.490 0.500 0.520 0.540 0.580 0.630 0.710 0.800
208 0.710 0.740 0.780 0.830 0.870 0.920 0.970 1.010 1.060 1.090 1.120 1.140 1.160 1.170 1.180 1.190 1.190 1.190 1.190 1.190 1.180 1.180 1.190 1.210 1.240 1.280
209 0.600 0.620 0.650 0.690 0.720 0.760 0.800 0.830 0.870 0.900 0.930 0.950 0.970 0.990 1.010 1.020 1.030 1.040 1.050 1.060 1.060 1.070 1.090 1.120 1.160 1.210
210 0.760 0.790 0.830 0.880 0.920 0.970 1.020 1.060 1.110 1.140 1.180 1.210 1.230 1.250 1.270 1.280 1.300 1.320 1.330 1.350 1.370 1.390 1.430 1.470 1.510 1.530
211 0.660 0.690 0.725 0.765 0.805 0.850 0.895 0.930 0.970 1.000 1.030 1.055 1.070 1.085 1.095 1.100 1.105 1.115 1.115 1.120 1.125 1.135 1.155 1.185 1.220 1.245
212 0.560 0.590 0.620 0.650 0.690 0.730 0.770 0.800 0.830 0.860 0.880 0.900 0.910 0.920 0.920 0.920 0.910 0.910 0.900 0.890 0.880 0.880 0.880 0.900 0.930 0.960
213 0.790 0.830 0.870 0.920 0.980 1.030 1.080 1.130 1.170 1.200 1.230 1.250 1.260 1.270 1.280 1.280 1.280 1.280 1.280 1.270 1.270 1.280 1.290 1.320 1.350 1.370
214 0.550 0.570 0.600 0.630 0.660 0.690 0.720 0.750 0.780 0.810 0.830 0.860 0.880 0.900 0.920 0.940 0.970 1.000 1.030 1.070 1.120 1.180 1.250 1.340 1.450 1.550
215 0.430 0.440 0.450 0.460 0.480 0.490 0.510 0.530 0.550 0.570 0.590 0.610 0.630 0.650 0.670 0.700 0.720 0.760 0.800 0.850 0.920 1.000 1.120 1.260 1.430 1.640
216 0.330 0.330 0.340 0.340 0.350 0.360 0.370 0.380 0.390 0.400 0.410 0.430 0.440 0.450 0.470 0.480 0.500 0.530 0.560 0.600 0.660 0.730 0.830 0.960 1.130 1.330
217 0.290 0.290 0.290 0.300 0.300 0.310 0.320 0.330 0.330 0.340 0.330 0.330 0.320 0.320 0.320 0.330 0.350 0.370 0.390 0.410 0.430 0.470 0.530 0.620 0.750 0.930
ID 8.824 8.689 8.554 8.420 8.285 8.151 8.016 7.881 7.747 7.612 7.478 7.343 7.209 7.074 6.940 6.805 6.670 6.535 6.401 6.266 6.132 5.998 5.863 5.729 5.594 5.459
218 0.380 0.380 0.400 0.410 0.430 0.440 0.460 0.480 0.490 0.510 0.520 0.530 0.540 0.550 0.560 0.560 0.570 0.570 0.570 0.580 0.590 0.610 0.640 0.690 0.770 0.860
219 0.360 0.360 0.380 0.390 0.400 0.420 0.440 0.450 0.470 0.490 0.510 0.520 0.540 0.550 0.570 0.580 0.590 0.600 0.620 0.640 0.660 0.680 0.730 0.790 0.870 0.980
220 0.290 0.290 0.290 0.300 0.310 0.310 0.320 0.330 0.340 0.350 0.350 0.360 0.370 0.370 0.380 0.380 0.390 0.400 0.410 0.420 0.440 0.470 0.520 0.580 0.670 0.770
221 0.510 0.520 0.540 0.560 0.590 0.620 0.650 0.680 0.710 0.740 0.770 0.800 0.830 0.860 0.880 0.910 0.940 0.970 1.000 1.040 1.080 1.130 1.200 1.280 1.390 1.500
222 0.410 0.420 0.430 0.450 0.460 0.480 0.500 0.520 0.550 0.570 0.590 0.610 0.640 0.660 0.690 0.710 0.740 0.780 0.820 0.870 0.940 1.020 1.130 1.280 1.450 1.660
223 0.510 0.520 0.530 0.550 0.560 0.580 0.610 0.630 0.660 0.680 0.710 0.740 0.770 0.810 0.840 0.880 0.930 0.990 1.070 1.160 1.280 1.440 1.640 1.890 2.200 2.570
224 0.520 0.530 0.550 0.570 0.590 0.620 0.650 0.680 0.710 0.750 0.790 0.830 0.880 0.930 0.980 1.040 1.100 1.180 1.260 1.360 1.480 1.620 1.790 2.000 2.230 2.490
225 0.510 0.530 0.550 0.570 0.600 0.630 0.660 0.700 0.740 0.790 0.830 0.880 0.930 0.990 1.050 1.110 1.180 1.260 1.350 1.440 1.550 1.680 1.820 1.990 2.180 2.380
226 0.460 0.470 0.480 0.500 0.520 0.550 0.570 0.600 0.630 0.660 0.690 0.710 0.740 0.770 0.810 0.840 0.880 0.920 0.970 1.030 1.100 1.190 1.300 1.430 1.570 1.740
227 0.600 0.620 0.640 0.670 0.700 0.740 0.780 0.830 0.870 0.920 0.970 1.020 1.080 1.130 1.190 1.260 1.330 1.410 1.500 1.600 1.710 1.840 1.990 2.160 2.360 2.560
228 0.590 0.610 0.630 0.660 0.690 0.720 0.760 0.800 0.840 0.880 0.930 0.980 1.030 1.090 1.150 1.210 1.280 1.370 1.460 1.560 1.690 1.830 1.990 2.180 2.390 2.620
229 0.750 0.780 0.820 0.870 0.920 0.970 1.030 1.090 1.160 1.220 1.280 1.340 1.410 1.470 1.530 1.600 1.670 1.740 1.820 1.900 1.990 2.090 2.210 2.340 2.490 2.640
230 0.770 0.810 0.850 0.890 0.940 1.000 1.050 1.110 1.180 1.240 1.300 1.370 1.430 1.500 1.570 1.640 1.720 1.800 1.900 2.010 2.130 2.270 2.430 2.610 2.810 2.990
231 0.600 0.620 0.650 0.680 0.720 0.760 0.800 0.840 0.890 0.940 0.990 1.040 1.100 1.150 1.210 1.270 1.340 1.410 1.500 1.590 1.700 1.820 1.970 2.140 2.330 2.530
232 0.410 0.420 0.430 0.450 0.470 0.490 0.520 0.550 0.580 0.610 0.650 0.690 0.730 0.770 0.810 0.860 0.920 0.980 1.060 1.140 1.250 1.380 1.530 1.710 1.920 2.150
233 0.490 0.500 0.520 0.540 0.560 0.590 0.620 0.650 0.680 0.710 0.750 0.790 0.820 0.860 0.910 0.960 1.010 1.080 1.150 1.240 1.350 1.480 1.640 1.830 2.040 2.280
234 0.590 0.610 0.640 0.670 0.700 0.740 0.780 0.830 0.880 0.920 0.970 1.020 1.070 1.120 1.170 1.230 1.290 1.360 1.440 1.520 1.630 1.750 1.890 2.050 2.230 2.420
235 0.500 0.510 0.530 0.550 0.570 0.590 0.620 0.650 0.680 0.720 0.750 0.790 0.830 0.870 0.910 0.960 1.020 1.090 1.170 1.270 1.390 1.530 1.700 1.900 2.120 2.370
236 0.620 0.640 0.670 0.690 0.730 0.760 0.800 0.840 0.880 0.920 0.960 1.010 1.050 1.100 1.150 1.210 1.280 1.360 1.450 1.550 1.680 1.830 2.020 2.230 2.460 2.690
237 0.520 0.530 0.550 0.570 0.600 0.620 0.660 0.690 0.730 0.770 0.810 0.850 0.890 0.940 0.990 1.050 1.120 1.200 1.290 1.400 1.530 1.680 1.870 2.080 2.310 2.550
238 0.500 0.510 0.530 0.550 0.570 0.600 0.620 0.650 0.680 0.710 0.740 0.780 0.810 0.840 0.880 0.920 0.970 1.030 1.100 1.180 1.280 1.400 1.550 1.730 1.930 2.140
239 0.470 0.480 0.500 0.520 0.540 0.560 0.590 0.610 0.640 0.670 0.700 0.730 0.760 0.790 0.830 0.860 0.910 0.960 1.010 1.080 1.160 1.260 1.390 1.530 1.710 1.900
240 0.660 0.690 0.720 0.760 0.810 0.860 0.910 0.970 1.020 1.070 1.120 1.170 1.220 1.270 1.310 1.350 1.390 1.440 1.480 1.530 1.590 1.660 1.750 1.860 2.000 2.140
241 1.810 1.880 1.970 2.050 2.140 2.220 2.300 2.370 2.430 2.490 2.520 2.550 2.570 2.580 2.590 2.590 2.580 2.570 2.530 2.460 2.360 2.240 2.110 1.980 1.870 1.770
242 1.240 1.310 1.390 1.470 1.560 1.660 1.750 1.850 1.940 2.020 2.100 2.170 2.230 2.280 2.330 2.370 2.400 2.430 2.450 2.450 2.460 2.460 2.480 2.510 2.540 2.560
243 0.940 0.990 1.050 1.110 1.190 1.260 1.340 1.410 1.490 1.560 1.630 1.690 1.750 1.810 1.860 1.910 1.960 2.010 2.050 2.080 2.120 2.160 2.200 2.250 2.300 2.340
244 0.920 0.970 1.030 1.090 1.150 1.220 1.290 1.350 1.420 1.480 1.540 1.590 1.630 1.680 1.710 1.750 1.780 1.820 1.850 1.890 1.930 1.990 2.060 2.160 2.260 2.350
245 0.990 1.040 1.100 1.170 1.240 1.310 1.390 1.470 1.550 1.620 1.690 1.760 1.830 1.890 1.940 2.000 2.050 2.110 2.150 2.190 2.230 2.280 2.330 2.390 2.450 2.480
246 1.060 1.130 1.210 1.300 1.390 1.490 1.590 1.700 1.800 1.900 2.000 2.090 2.170 2.260 2.330 2.390 2.450 2.500 2.540 2.570 2.590 2.610 2.630 2.650 2.660 2.650
247 1.050 1.110 1.180 1.250 1.330 1.420 1.500 1.590 1.670 1.750 1.820 1.890 1.950 2.000 2.050 2.090 2.130 2.160 2.180 2.190 2.200 2.220 2.250 2.290 2.310 2.320
248 0.980 1.030 1.090 1.160 1.230 1.300 1.380 1.450 1.530 1.590 1.650 1.710 1.760 1.810 1.850 1.890 1.920 1.960 1.990 2.020 2.050 2.080 2.130 2.180 2.240 2.280
249 0.940 0.990 1.040 1.100 1.160 1.220 1.290 1.360 1.420 1.480 1.540 1.600 1.650 1.700 1.750 1.790 1.840 1.880 1.920 1.960 2.000 2.040 2.100 2.170 2.250 2.330
250 0.860 0.900 0.950 1.010 1.070 1.140 1.200 1.270 1.340 1.410 1.480 1.540 1.600 1.660 1.720 1.770 1.830 1.890 1.940 1.990 2.040 2.100 2.170 2.260 2.340 2.400
251 1.000 1.060 1.130 1.210 1.290 1.380 1.480 1.580 1.670 1.770 1.860 1.950 2.030 2.110 2.180 2.240 2.300 2.350 2.400 2.430 2.460 2.480 2.520 2.570 2.630 2.660
252 1.080 1.140 1.220 1.300 1.380 1.470 1.560 1.650 1.730 1.810 1.890 1.950 2.010 2.070 2.110 2.150 2.190 2.210 2.240 2.260 2.270 2.300 2.330 2.370 2.420 2.440
253 0.820 0.850 0.900 0.950 1.000 1.060 1.120 1.180 1.240 1.300 1.360 1.410 1.460 1.510 1.550 1.590 1.630 1.670 1.710 1.740 1.780 1.830 1.900 1.990 2.110 2.220
254 0.830 0.870 0.910 0.970 1.020 1.080 1.140 1.200 1.260 1.320 1.380 1.430 1.480 1.530 1.580 1.620 1.670 1.720 1.760 1.810 1.870 1.930 2.000 2.080 2.170 2.240
255 0.810 0.850 0.900 0.950 1.010 1.070 1.130 1.200 1.270 1.340 1.410 1.480 1.540 1.610 1.670 1.730 1.790 1.860 1.920 1.980 2.040 2.110 2.190 2.290 2.390 2.500
256 0.910 0.950 1.000 1.050 1.110 1.170 1.240 1.300 1.370 1.430 1.490 1.550 1.610 1.670 1.730 1.790 1.840 1.900 1.960 2.020 2.090 2.160 2.240 2.350 2.470 2.590
257 0.770 0.800 0.840 0.880 0.930 0.990 1.040 1.100 1.170 1.230 1.290 1.350 1.410 1.480 1.540 1.610 1.670 1.750 1.830 1.910 2.000 2.110 2.240 2.380 2.540 2.690
258 0.780 0.820 0.870 0.920 0.970 1.030 1.090 1.160 1.220 1.290 1.350 1.410 1.480 1.540 1.590 1.650 1.710 1.770 1.830 1.890 1.950 2.010 2.080 2.150 2.230 2.300
259 0.650 0.680 0.720 0.770 0.820 0.880 0.950 1.020 1.090 1.170 1.250 1.340 1.420 1.510 1.600 1.700 1.800 1.910 2.020 2.130 2.250 2.380 2.530 2.680 2.830 2.970
260 0.700 0.730 0.770 0.810 0.860 0.910 0.960 1.020 1.080 1.140 1.210 1.270 1.340 1.400 1.470 1.540 1.620 1.710 1.800 1.900 2.000 2.130 2.260 2.410 2.560 2.700
261 0.630 0.660 0.690 0.720 0.760 0.800 0.850 0.900 0.960 1.010 1.080 1.140 1.210 1.280 1.360 1.440 1.530 1.630 1.740 1.850 1.980 2.120 2.280 2.460 2.650 2.830
262 0.600 0.620 0.640 0.680 0.720 0.760 0.810 0.870 0.930 0.990 1.060 1.130 1.200 1.280 1.360 1.450 1.550 1.650 1.760 1.880 2.010 2.150 2.290 2.450 2.610 2.750
ID 8.824 8.689 8.554 8.420 8.285 8.151 8.016 7.881 7.747 7.612 7.478 7.343 7.209 7.074 6.940 6.805 6.670 6.535 6.401 6.266 6.132 5.998 5.863 5.729 5.594 5.459
263 0.780 0.820 0.870 0.920 0.980 1.050 1.130 1.210 1.300 1.390 1.480 1.580 1.670 1.770 1.870 1.970 2.070 2.160 2.250 2.330 2.410 2.470 2.530 2.590 2.640 2.680
264 0.660 0.690 0.730 0.770 0.820 0.880 0.950 1.020 1.100 1.180 1.260 1.350 1.450 1.540 1.640 1.750 1.850 1.970 2.080 2.190 2.310 2.420 2.540 2.670 2.780 2.880
265 0.720 0.750 0.790 0.830 0.880 0.940 1.000 1.060 1.130 1.200 1.280 1.360 1.440 1.520 1.610 1.700 1.800 1.910 2.010 2.130 2.240 2.360 2.490 2.620 2.760 2.890
266 2.670 2.800 2.920 3.000 3.040 3.050 3.020 2.950 2.850 2.720 2.570 2.410 2.240 2.080 1.930 1.810 1.720 1.660 1.620 1.580 1.550 1.530 1.520 1.530 1.540 1.540
267 0.530 0.540 0.560 0.580 0.610 0.640 0.670 0.710 0.750 0.790 0.820 0.860 0.900 0.940 0.990 1.030 1.080 1.140 1.200 1.270 1.340 1.420 1.520 1.620 1.730 1.850
268 0.690 0.710 0.740 0.780 0.820 0.860 0.920 0.970 1.030 1.090 1.160 1.230 1.300 1.380 1.460 1.540 1.640 1.740 1.850 1.970 2.090 2.220 2.360 2.510 2.650 2.770
269 0.740 0.760 0.790 0.820 0.850 0.890 0.930 0.970 1.010 1.060 1.110 1.160 1.210 1.270 1.340 1.410 1.500 1.600 1.710 1.830 1.970 2.120 2.290 2.460 2.640 2.800
270 1.170 1.200 1.230 1.260 1.280 1.300 1.310 1.310 1.310 1.310 1.310 1.310 1.310 1.320 1.340 1.380 1.440 1.520 1.620 1.730 1.840 1.970 2.110 2.260 2.400 2.540
271 1.170 1.220 1.280 1.340 1.400 1.460 1.510 1.560 1.600 1.640 1.680 1.700 1.730 1.760 1.790 1.820 1.870 1.930 2.010 2.090 2.190 2.300 2.420 2.540 2.630 2.700
272 1.280 1.340 1.410 1.470 1.540 1.600 1.650 1.700 1.740 1.760 1.770 1.780 1.770 1.770 1.760 1.750 1.760 1.770 1.790 1.830 1.880 1.950 2.040 2.150 2.270 2.360
273 2.930 3.070 3.180 3.240 3.260 3.240 3.160 3.030 2.870 2.660 2.430 2.190 1.940 1.710 1.510 1.360 1.250 1.200 1.180 1.180 1.200 1.240 1.310 1.380 1.460 1.500
274 1.600 1.690 1.770 1.860 1.940 2.020 2.080 2.130 2.160 2.170 2.160 2.140 2.100 2.060 2.010 1.960 1.920 1.890 1.870 1.860 1.860 1.890 1.940 2.020 2.100 2.160
275 1.660 1.740 1.820 1.910 1.980 2.050 2.100 2.140 2.160 2.160 2.140 2.110 2.060 2.000 1.940 1.880 1.830 1.780 1.750 1.740 1.740 1.770 1.830 1.910 1.990 2.050
276 1.570 1.650 1.740 1.820 1.910 1.980 2.040 2.090 2.120 2.130 2.120 2.100 2.060 2.010 1.960 1.910 1.870 1.830 1.810 1.790 1.790 1.820 1.870 1.930 1.990 2.040
277 1.610 1.690 1.770 1.860 1.940 2.010 2.080 2.130 2.160 2.170 2.170 2.140 2.110 2.060 2.010 1.950 1.900 1.860 1.830 1.800 1.790 1.790 1.810 1.850 1.910 1.970
278 1.690 1.770 1.860 1.950 2.030 2.100 2.160 2.210 2.230 2.230 2.210 2.180 2.130 2.070 2.000 1.940 1.890 1.840 1.810 1.790 1.790 1.800 1.830 1.860 1.900 1.930
279 1.720 1.810 1.900 1.990 2.080 2.150 2.210 2.250 2.280 2.280 2.260 2.230 2.180 2.120 2.060 2.000 1.950 1.910 1.880 1.850 1.830 1.820 1.820 1.840 1.890 1.950
280 1.640 1.720 1.800 1.890 1.970 2.040 2.100 2.140 2.170 2.170 2.160 2.130 2.080 2.030 1.970 1.910 1.850 1.810 1.770 1.740 1.720 1.710 1.720 1.750 1.790 1.850
281 1.520 1.590 1.670 1.760 1.840 1.910 1.970 2.020 2.050 2.060 2.060 2.040 2.000 1.960 1.920 1.880 1.840 1.810 1.790 1.770 1.770 1.780 1.800 1.830 1.880 1.930
282 1.570 1.650 1.740 1.830 1.920 1.990 2.060 2.100 2.130 2.140 2.130 2.100 2.060 2.010 1.960 1.910 1.860 1.820 1.790 1.770 1.760 1.760 1.790 1.840 1.910 1.990
283 1.740 1.820 1.890 1.960 2.020 2.060 2.090 2.090 2.080 2.050 2.000 1.940 1.870 1.800 1.730 1.680 1.640 1.620 1.610 1.610 1.630 1.660 1.700 1.770 1.850 1.930
284 1.390 1.460 1.540 1.620 1.700 1.780 1.850 1.910 1.960 1.990 2.020 2.020 2.020 2.010 1.990 1.970 1.950 1.940 1.920 1.920 1.920 1.950 2.000 2.060 2.120 2.160
285 1.600 1.680 1.770 1.860 1.940 2.030 2.100 2.170 2.220 2.260 2.280 2.280 2.270 2.260 2.230 2.200 2.170 2.150 2.120 2.090 2.080 2.080 2.100 2.120 2.130 2.120
286 1.360 1.420 1.480 1.540 1.610 1.660 1.710 1.750 1.780 1.790 1.790 1.770 1.740 1.710 1.680 1.660 1.640 1.630 1.630 1.640 1.660 1.700 1.780 1.880 2.020 2.180
287 1.740 1.820 1.910 2.000 2.080 2.160 2.220 2.270 2.300 2.320 2.310 2.280 2.240 2.200 2.140 2.100 2.050 2.010 1.960 1.920 1.870 1.830 1.810 1.810 1.820 1.820
288 1.940 2.030 2.120 2.200 2.270 2.320 2.360 2.380 2.370 2.340 2.290 2.220 2.130 2.040 1.950 1.870 1.800 1.750 1.710 1.680 1.660 1.670 1.710 1.760 1.810 1.830
289 2.260 2.370 2.470 2.570 2.650 2.710 2.750 2.760 2.740 2.690 2.620 2.510 2.390 2.270 2.140 2.020 1.910 1.820 1.740 1.670 1.610 1.560 1.530 1.500 1.470 1.420
290 3.660 3.850 4.010 4.110 4.160 4.140 4.050 3.890 3.670 3.380 3.050 2.690 2.310 1.940 1.610 1.340 1.130 0.990 0.890 0.830 0.790 0.770 0.780 0.800 0.840 0.850
291 2.190 2.280 2.380 2.460 2.540 2.590 2.610 2.610 2.580 2.510 2.410 2.290 2.160 2.020 1.880 1.760 1.660 1.580 1.520 1.470 1.430 1.420 1.440 1.500 1.560 1.610
292 2.060 2.160 2.250 2.340 2.420 2.480 2.520 2.530 2.510 2.460 2.380 2.270 2.150 2.020 1.890 1.780 1.670 1.590 1.520 1.460 1.430 1.430 1.460 1.530 1.610 1.670
293 2.100 2.210 2.310 2.400 2.480 2.540 2.580 2.580 2.550 2.490 2.400 2.280 2.150 2.010 1.870 1.740 1.620 1.530 1.450 1.390 1.340 1.330 1.350 1.400 1.470 1.520
294 2.130 2.240 2.350 2.450 2.530 2.590 2.630 2.630 2.610 2.540 2.450 2.330 2.190 2.040 1.900 1.770 1.660 1.560 1.490 1.430 1.400 1.390 1.400 1.440 1.470 1.490
295 2.250 2.360 2.460 2.550 2.620 2.670 2.700 2.690 2.650 2.580 2.470 2.340 2.200 2.050 1.900 1.770 1.650 1.560 1.490 1.420 1.370 1.340 1.330 1.350 1.410 1.480
296 1.880 1.960 2.040 2.120 2.180 2.220 2.250 2.240 2.210 2.160 2.080 1.970 1.860 1.750 1.640 1.550 1.490 1.450 1.430 1.430 1.460 1.510 1.590 1.690 1.790 1.880
297 1.920 2.000 2.070 2.130 2.180 2.220 2.230 2.220 2.180 2.120 2.030 1.930 1.820 1.710 1.600 1.510 1.440 1.390 1.370 1.360 1.370 1.420 1.500 1.620 1.760 1.880
298 3.350 3.570 3.760 3.890 3.970 3.990 3.930 3.800 3.600 3.330 3.010 2.660 2.290 1.910 1.570 1.270 1.030 0.860 0.750 0.680 0.660 0.670 0.710 0.770 0.830 0.860
299 1.860 1.940 2.020 2.090 2.150 2.190 2.210 2.210 2.180 2.120 2.040 1.940 1.820 1.700 1.590 1.490 1.410 1.360 1.330 1.310 1.330 1.380 1.470 1.600 1.730 1.840
300 2.010 2.140 2.270 2.400 2.530 2.640 2.720 2.790 2.820 2.810 2.770 2.700 2.600 2.480 2.350 2.210 2.080 1.950 1.820 1.700 1.600 1.520 1.460 1.430 1.420 1.410
301 1.870 1.960 2.060 2.160 2.250 2.330 2.400 2.450 2.480 2.490 2.470 2.430 2.380 2.300 2.220 2.140 2.060 1.980 1.910 1.830 1.770 1.730 1.710 1.710 1.710 1.690
302 2.820 3.020 3.200 3.340 3.440 3.490 3.490 3.430 3.330 3.170 2.980 2.750 2.510 2.270 2.040 1.830 1.660 1.540 1.460 1.410 1.390 1.390 1.400 1.430 1.450 1.440
303 1.980 2.110 2.240 2.380 2.510 2.640 2.760 2.860 2.940 2.990 3.030 3.040 3.020 2.990 2.950 2.890 2.810 2.730 2.620 2.500 2.370 2.240 2.120 1.990 1.840 1.650
304 4.120 4.340 4.480 4.580 4.680 4.770 4.850 4.870 4.770 4.500 4.040 3.420 2.750 2.120 1.640 1.330 1.170 1.080 0.940 0.700 0.450 0.280 0.200 0.170 0.220 0.410
305 3.670 3.890 4.060 4.180 4.240 4.220 4.130 3.960 3.710 3.400 3.040 2.650 2.240 1.840 1.490 1.190 0.970 0.820 0.720 0.670 0.620 0.590 0.580 0.590 0.610 0.650
306 3.710 3.870 3.940 3.970 4.010 4.090 4.180 4.240 4.190 3.960 3.520 2.920 2.260 1.670 1.260 1.080 1.050 1.090 1.030 0.840 0.590 0.420 0.350 0.320 0.410 0.700
307 2.730 2.900 3.060 3.190 3.270 3.320 3.310 3.260 3.150 3.000 2.810 2.590 2.360 2.120 1.890 1.690 1.530 1.400 1.300 1.230 1.180 1.150 1.140 1.160 1.190 1.220
ID 8.824 8.689 8.554 8.420 8.285 8.151 8.016 7.881 7.747 7.612 7.478 7.343 7.209 7.074 6.940 6.805 6.670 6.535 6.401 6.266 6.132 5.998 5.863 5.729 5.594 5.459
308 1.910 2.020 2.130 2.240 2.340 2.440 2.520 2.580 2.610 2.620 2.610 2.570 2.500 2.420 2.330 2.240 2.150 2.050 1.950 1.850 1.760 1.710 1.680 1.690 1.680 1.650
309 1.650 1.740 1.840 1.930 2.030 2.110 2.180 2.240 2.280 2.290 2.290 2.260 2.220 2.170 2.110 2.040 1.980 1.920 1.850 1.800 1.750 1.730 1.730 1.740 1.770 1.790
310 1.760 1.850 1.950 2.050 2.140 2.220 2.290 2.340 2.370 2.380 2.360 2.320 2.260 2.190 2.120 2.040 1.960 1.890 1.830 1.770 1.730 1.700 1.710 1.740 1.790 1.820
311 1.170 1.230 1.290 1.360 1.430 1.500 1.570 1.640 1.700 1.750 1.790 1.820 1.840 1.860 1.870 1.890 1.900 1.920 1.940 1.970 2.010 2.060 2.140 2.240 2.330 2.410
312 1.140 1.200 1.270 1.340 1.410 1.480 1.550 1.610 1.670 1.720 1.760 1.800 1.820 1.840 1.860 1.880 1.890 1.910 1.940 1.970 2.010 2.070 2.160 2.260 2.390 2.510
P15
324 0.990 1.060 1.120 1.170 1.210 1.230 1.240 1.220 1.190 1.150 1.090 1.020 0.940 0.870 0.800 0.740 0.690 0.660 0.650 0.660 0.690 0.730 0.790 0.860 0.940 1.030
325 0.800 0.830 0.850 0.860 0.870 0.860 0.840 0.820 0.790 0.750 0.710 0.670 0.630 0.590 0.560 0.540 0.530 0.540 0.560 0.600 0.650 0.710 0.800 0.910 1.040 1.180
326 0.540 0.570 0.590 0.600 0.620 0.620 0.620 0.610 0.600 0.580 0.550 0.530 0.500 0.470 0.440 0.410 0.390 0.380 0.380 0.390 0.410 0.440 0.490 0.550 0.630 0.720
327 0.830 0.870 0.920 0.950 0.970 0.980 0.980 0.960 0.930 0.890 0.840 0.790 0.730 0.660 0.600 0.550 0.510 0.480 0.480 0.500 0.550 0.630 0.750 0.900 1.090 1.320
332 0.780 0.810 0.850 0.870 0.890 0.900 0.890 0.880 0.860 0.830 0.790 0.750 0.700 0.660 0.610 0.580 0.550 0.550 0.560 0.590 0.640 0.730 0.860 1.020 1.220 1.470
333 0.940 0.990 1.030 1.070 1.090 1.110 1.110 1.100 1.080 1.050 1.020 0.980 0.930 0.890 0.850 0.820 0.800 0.800 0.820 0.870 0.960 1.090 1.260 1.470 1.740 2.080
334 0.790 0.820 0.840 0.860 0.870 0.880 0.880 0.890 0.880 0.880 0.870 0.870 0.860 0.860 0.870 0.890 0.930 0.980 1.060 1.170 1.320 1.520 1.780 2.090 2.470 2.920
335 1.040 1.090 1.130 1.170 1.190 1.210 1.210 1.210 1.190 1.170 1.150 1.120 1.090 1.060 1.040 1.030 1.040 1.080 1.140 1.230 1.360 1.530 1.730 1.980 2.260 2.580
336 1.320 1.380 1.440 1.490 1.530 1.560 1.580 1.600 1.600 1.600 1.590 1.580 1.560 1.560 1.570 1.590 1.630 1.700 1.800 1.940 2.110 2.310 2.540 2.810 3.080 3.340
337 1.050 1.100 1.140 1.170 1.200 1.210 1.220 1.210 1.200 1.180 1.160 1.130 1.110 1.090 1.080 1.090 1.120 1.170 1.270 1.420 1.620 1.890 2.230 2.630 3.080 3.560
338 1.270 1.330 1.390 1.440 1.480 1.520 1.550 1.560 1.580 1.580 1.580 1.580 1.590 1.600 1.620 1.650 1.720 1.810 1.930 2.100 2.300 2.540 2.820 3.120 3.420 3.680
339 1.260 1.310 1.370 1.420 1.460 1.510 1.540 1.570 1.600 1.610 1.630 1.640 1.660 1.670 1.700 1.740 1.790 1.870 1.970 2.110 2.270 2.460 2.680 2.910 3.140 3.340
340 1.250 1.310 1.360 1.410 1.460 1.500 1.530 1.560 1.580 1.600 1.620 1.640 1.660 1.690 1.730 1.780 1.850 1.940 2.060 2.190 2.360 2.550 2.760 3.000 3.240 3.460
341 1.060 1.100 1.140 1.170 1.200 1.220 1.230 1.240 1.240 1.230 1.220 1.220 1.210 1.210 1.230 1.250 1.300 1.380 1.490 1.640 1.840 2.080 2.360 2.690 3.050 3.410
342 1.070 1.110 1.150 1.180 1.220 1.240 1.270 1.290 1.310 1.330 1.350 1.370 1.400 1.440 1.500 1.570 1.670 1.800 1.950 2.140 2.350 2.590 2.840 3.080 3.320 3.530
343 1.110 1.140 1.180 1.220 1.270 1.320 1.370 1.420 1.480 1.540 1.600 1.660 1.730 1.800 1.890 1.980 2.100 2.220 2.370 2.530 2.700 2.890 3.070 3.250 3.400 3.510
344 1.140 1.190 1.230 1.270 1.310 1.340 1.380 1.410 1.440 1.470 1.500 1.540 1.590 1.650 1.720 1.820 1.940 2.090 2.270 2.480 2.710 2.950 3.200 3.420 3.610 3.720
345 0.870 0.900 0.930 0.960 0.980 0.990 1.000 1.000 1.000 1.000 0.990 0.990 0.990 1.000 1.020 1.050 1.100 1.190 1.300 1.450 1.650 1.890 2.180 2.510 2.870 3.230
346 0.900 0.930 0.970 0.990 1.010 1.020 1.020 1.010 0.990 0.970 0.940 0.910 0.880 0.860 0.840 0.830 0.850 0.880 0.950 1.050 1.190 1.380 1.620 1.910 2.260 2.660
P21-H
397 0.900 0.940 0.990 1.050 1.120 1.190 1.260 1.340 1.410 1.480 1.550 1.610 1.670 1.730 1.790 1.840 1.900 1.960 2.020 2.080 2.140 2.220 2.300 2.400 2.500 2.590
398 1.050 1.110 1.180 1.260 1.350 1.440 1.530 1.620 1.710 1.800 1.880 1.950 2.020 2.090 2.150 2.210 2.270 2.330 2.380 2.430 2.470 2.520 2.570 2.630 2.670 2.700
399 0.920 0.970 1.020 1.090 1.150 1.230 1.300 1.380 1.460 1.540 1.610 1.690 1.760 1.830 1.900 1.970 2.040 2.120 2.210 2.300 2.400 2.520 2.650 2.800 2.950 3.090
400 0.780 0.820 0.860 0.900 0.950 1.000 1.050 1.110 1.170 1.230 1.290 1.350 1.410 1.470 1.530 1.600 1.670 1.750 1.840 1.940 2.070 2.220 2.400 2.620 2.860 3.110
405 0.410 0.420 0.430 0.450 0.470 0.490 0.510 0.530 0.550 0.570 0.590 0.610 0.630 0.650 0.670 0.690 0.720 0.750 0.790 0.850 0.920 1.020 1.150 1.330 1.550 1.800
406 0.330 0.340 0.340 0.350 0.360 0.370 0.380 0.390 0.400 0.420 0.430 0.440 0.460 0.470 0.480 0.500 0.520 0.550 0.580 0.630 0.690 0.780 0.890 1.040 1.220 1.450
407 0.600 0.620 0.640 0.670 0.700 0.730 0.760 0.800 0.830 0.860 0.890 0.930 0.960 0.990 1.030 1.060 1.110 1.160 1.220 1.300 1.400 1.520 1.680 1.880 2.100 2.350
408 2.040 2.170 2.270 2.360 2.420 2.440 2.430 2.390 2.310 2.210 2.090 1.950 1.810 1.680 1.560 1.460 1.400 1.380 1.390 1.440 1.520 1.630 1.760 1.910 2.080 2.260
409 2.050 2.210 2.350 2.480 2.590 2.680 2.730 2.760 2.760 2.730 2.670 2.600 2.510 2.410 2.310 2.220 2.150 2.090 2.060 2.050 2.060 2.080 2.120 2.160 2.180 2.150
410 1.880 2.000 2.100 2.180 2.230 2.260 2.250 2.210 2.140 2.050 1.940 1.810 1.680 1.550 1.430 1.340 1.280 1.250 1.270 1.320 1.400 1.520 1.670 1.840 2.040 2.230
411 0.670 0.700 0.740 0.780 0.830 0.880 0.930 0.980 1.030 1.080 1.120 1.160 1.200 1.240 1.270 1.300 1.340 1.370 1.410 1.460 1.510 1.580 1.670 1.780 1.920 2.080
412 0.650 0.710 0.780 0.850 0.920 1.000 1.090 1.170 1.250 1.320 1.390 1.450 1.510 1.560 1.600 1.630 1.650 1.660 1.660 1.650 1.630 1.600 1.570 1.550 1.540 1.530
413 0.270 0.280 0.290 0.300 0.310 0.320 0.330 0.340 0.360 0.370 0.380 0.390 0.400 0.410 0.420 0.430 0.430 0.440 0.450 0.460 0.470 0.490 0.520 0.550 0.600 0.660
414 0.170 0.170 0.180 0.190 0.200 0.210 0.230 0.240 0.250 0.260 0.260 0.270 0.270 0.270 0.280 0.280 0.290 0.300 0.300 0.310 0.320 0.330 0.350 0.380 0.430 0.500
415 0.190 0.200 0.210 0.220 0.230 0.240 0.260 0.270 0.280 0.290 0.300 0.300 0.300 0.300 0.300 0.300 0.310 0.310 0.320 0.320 0.330 0.330 0.340 0.370 0.410 0.470
416 0.160 0.160 0.170 0.180 0.190 0.200 0.210 0.220 0.230 0.240 0.240 0.250 0.250 0.250 0.250 0.260 0.270 0.270 0.280 0.290 0.290 0.300 0.310 0.340 0.370 0.430
417 0.260 0.260 0.270 0.270 0.280 0.290 0.300 0.310 0.320 0.330 0.340 0.350 0.350 0.360 0.370 0.370 0.380 0.390 0.400 0.410 0.430 0.450 0.490 0.540 0.620 0.720
418 0.180 0.180 0.190 0.190 0.210 0.220 0.230 0.240 0.250 0.260 0.270 0.270 0.270 0.270 0.270 0.280 0.290 0.300 0.310 0.320 0.330 0.340 0.370 0.400 0.460 0.550
ID 5.325 5.191 5.056 4.921 4.786 4.652 4.518 4.383 4.248 4.114 3.979 3.844 3.710 3.575 3.441 3.306 3.171 3.037 2.903 2.768 2.633 2.500 2.364 2.230 2.095 1.961
P02
512 0.910 0.990 1.100 1.240 1.440 1.690 1.990 2.290 2.590 2.830 3.000 3.080 3.060 2.950 2.740 2.470 2.160 1.860 1.620 1.460 1.380 1.370 1.370 1.370 1.340 1.300
514 1.360 1.530 1.740 2.000 2.320 2.730 3.190 3.690 4.160 4.540 4.790 4.850 4.740 4.460 4.050 3.570 3.070 2.590 2.170 1.840 1.580 1.380 1.230 1.100 0.990 0.890
516 0.610 0.660 0.720 0.800 0.910 1.040 1.220 1.440 1.670 1.920 2.140 2.320 2.430 2.480 2.480 2.430 2.360 2.290 2.240 2.230 2.250 2.330 2.470 2.650 2.850 3.030
518 1.900 2.150 2.470 2.870 3.370 3.930 4.500 4.990 5.310 5.370 5.150 4.680 4.050 3.340 2.660 2.050 1.540 1.130 0.830 0.630 0.500 0.420 0.370 0.310 0.240 0.170
520 2.580 2.690 2.780 2.870 2.940 2.970 2.970 2.910 2.790 2.620 2.400 2.150 1.880 1.590 1.310 1.040 0.800 0.610 0.470 0.400 0.380 0.400 0.430 0.430 0.380 0.280
522 2.160 2.200 2.240 2.280 2.330 2.380 2.400 2.350 2.220 2.010 1.770 1.530 1.310 1.120 0.950 0.770 0.560 0.370 0.220 0.150 0.140 0.170 0.190 0.170 0.110 0.051
524 2.510 2.770 3.050 3.350 3.690 4.030 4.340 4.570 4.660 4.580 4.320 3.930 3.450 2.930 2.420 1.930 1.490 1.120 0.850 0.660 0.550 0.440 0.350 0.260 0.180 0.091
526 3.370 3.580 3.800 4.020 4.220 4.370 4.420 4.330 4.070 3.660 3.150 2.580 2.040 1.570 1.200 0.920 0.710 0.550 0.410 0.300 0.210 0.160 0.130 0.120 0.110 0.078
528 2.410 2.390 2.340 2.260 2.150 2.020 1.860 1.680 1.480 1.280 1.080 0.890 0.690 0.490 0.300 0.150 0.053 0.010 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
530 2.280 2.230 2.150 2.050 1.970 1.880 1.780 1.660 1.490 1.280 1.050 0.820 0.630 0.490 0.400 0.340 0.300 0.250 0.190 0.120 0.063 0.033 0.028 0.033 0.037 0.034
532 2.750 2.700 2.610 2.500 2.370 2.230 2.060 1.870 1.670 1.450 1.230 1.040 0.890 0.770 0.690 0.640 0.590 0.540 0.470 0.380 0.290 0.220 0.180 0.160 0.140 0.120
534 3.030 3.130 3.190 3.220 3.200 3.130 3.010 2.840 2.610 2.340 2.050 1.750 1.460 1.220 1.030 0.890 0.810 0.760 0.710 0.640 0.550 0.440 0.320 0.210 0.110 0.040
536 2.930 2.780 2.590 2.370 2.150 1.930 1.710 1.500 1.280 1.050 0.840 0.660 0.510 0.390 0.310 0.240 0.190 0.140 0.110 0.064 0.027 0.006 0.000 0.000 0.000 0.000
538 2.120 1.940 1.760 1.580 1.430 1.290 1.170 1.060 0.950 0.850 0.750 0.680 0.610 0.560 0.510 0.460 0.420 0.370 0.310 0.240 0.190 0.160 0.150 0.150 0.150 0.140
567 2.720 2.680 2.580 2.440 2.280 2.100 1.920 1.740 1.560 1.360 1.160 0.950 0.750 0.580 0.430 0.330 0.280 0.270 0.270 0.260 0.230 0.170 0.110 0.050 0.015 0.002
P06
49 1.600 1.730 1.850 1.990 2.180 2.420 2.720 3.060 3.400 3.700 3.910 4.000 3.960 3.790 3.530 3.200 2.850 2.490 2.160 1.870 1.620 1.420 1.260 1.120 0.970 0.840
51 0.290 0.300 0.300 0.310 0.330 0.360 0.400 0.450 0.500 0.560 0.600 0.640 0.680 0.720 0.750 0.800 0.850 0.920 0.990 1.080 1.160 1.240 1.330 1.420 1.530 1.650
53 0.290 0.300 0.300 0.320 0.340 0.380 0.440 0.500 0.580 0.660 0.740 0.820 0.890 0.960 1.030 1.090 1.170 1.260 1.360 1.480 1.600 1.730 1.870 2.020 2.180 2.350
55 0.710 0.780 0.870 0.990 1.130 1.310 1.510 1.720 1.910 2.080 2.190 2.230 2.220 2.150 2.040 1.940 1.850 1.800 1.780 1.790 1.840 1.900 1.980 2.090 2.200 2.320
57 1.420 1.540 1.670 1.830 2.010 2.220 2.450 2.670 2.850 2.970 3.000 2.940 2.790 2.560 2.260 1.920 1.580 1.290 1.100 1.050 1.130 1.270 1.370 1.330 1.140 0.920
59 1.330 1.380 1.420 1.480 1.580 1.730 1.940 2.160 2.360 2.480 2.480 2.360 2.160 1.940 1.780 1.710 1.710 1.720 1.660 1.500 1.300 1.160 1.150 1.230 1.310 1.360
61 1.290 1.340 1.410 1.490 1.590 1.720 1.870 2.040 2.250 2.460 2.640 2.750 2.750 2.600 2.330 1.970 1.600 1.290 1.110 1.080 1.170 1.340 1.470 1.470 1.300 1.000
63 1.200 1.220 1.240 1.290 1.380 1.520 1.680 1.830 1.930 1.970 1.950 1.890 1.820 1.760 1.720 1.670 1.580 1.420 1.200 0.990 0.880 0.920 1.070 1.250 1.310 1.160
65 0.910 0.850 0.830 0.860 0.950 1.090 1.210 1.290 1.290 1.230 1.120 1.000 0.920 0.890 0.880 0.850 0.780 0.670 0.530 0.410 0.340 0.320 0.330 0.320 0.250 0.150
67 1.390 1.410 1.440 1.460 1.490 1.510 1.560 1.630 1.740 1.880 2.010 2.100 2.090 1.970 1.730 1.420 1.100 0.850 0.700 0.680 0.790 1.000 1.230 1.370 1.310 1.060
69 1.850 1.790 1.710 1.650 1.590 1.550 1.510 1.480 1.430 1.390 1.330 1.270 1.190 1.090 0.980 0.870 0.750 0.640 0.550 0.480 0.450 0.460 0.480 0.480 0.440 0.340
71 2.050 1.870 1.670 1.490 1.370 1.320 1.330 1.370 1.400 1.370 1.290 1.180 1.070 1.000 0.990 0.990 0.960 0.840 0.630 0.390 0.240 0.190 0.210 0.280 0.350 0.360
73 1.770 1.710 1.630 1.550 1.490 1.460 1.470 1.500 1.520 1.510 1.450 1.350 1.250 1.180 1.130 1.090 1.010 0.860 0.660 0.480 0.390 0.390 0.470 0.580 0.620 0.550
75 1.730 1.590 1.430 1.280 1.160 1.090 1.050 1.040 1.000 0.930 0.820 0.700 0.610 0.570 0.600 0.660 0.690 0.640 0.500 0.330 0.210 0.160 0.160 0.170 0.150 0.100
77 1.520 1.400 1.280 1.180 1.110 1.070 1.060 1.050 1.030 0.980 0.910 0.810 0.700 0.580 0.430 0.280 0.160 0.095 0.087 0.120 0.170 0.190 0.170 0.110 0.042 0.008
79 2.140 1.960 1.760 1.540 1.330 1.130 0.940 0.760 0.610 0.480 0.380 0.310 0.260 0.230 0.200 0.180 0.160 0.150 0.160 0.160 0.150 0.130 0.100 0.071 0.041 0.018
81 0.980 0.880 0.780 0.700 0.630 0.570 0.530 0.490 0.450 0.410 0.380 0.350 0.330 0.320 0.300 0.280 0.280 0.270 0.280 0.270 0.250 0.200 0.130 0.066 0.022 0.004
83 1.690 1.640 1.580 1.550 1.540 1.550 1.590 1.620 1.640 1.630 1.580 1.490 1.380 1.250 1.120 0.990 0.870 0.750 0.640 0.540 0.460 0.420 0.410 0.400 0.360 0.280
85 1.350 1.230 1.110 1.000 0.920 0.870 0.850 0.870 0.900 0.930 0.960 0.960 0.930 0.870 0.770 0.650 0.530 0.410 0.320 0.290 0.340 0.390 0.390 0.340 0.210 0.099
87 0.990 0.900 0.820 0.770 0.760 0.790 0.850 0.940 1.030 1.120 1.180 1.220 1.230 1.230 1.210 1.160 1.070 0.970 0.880 0.840 0.870 0.940 1.000 0.980 0.850 0.610
89 2.040 1.810 1.610 1.460 1.360 1.310 1.310 1.340 1.380 1.420 1.440 1.420 1.370 1.280 1.140 0.990 0.840 0.710 0.600 0.530 0.470 0.400 0.320 0.220 0.120 0.046
91 1.840 1.660 1.490 1.340 1.230 1.160 1.110 1.070 1.050 1.020 0.980 0.940 0.890 0.830 0.760 0.680 0.600 0.530 0.470 0.420 0.390 0.350 0.310 0.240 0.160 0.082
93 0.850 0.710 0.590 0.510 0.450 0.420 0.390 0.370 0.340 0.310 0.290 0.270 0.240 0.220 0.190 0.150 0.130 0.120 0.130 0.140 0.130 0.110 0.065 0.027 0.006 0.001
95 1.600 1.450 1.310 1.220 1.180 1.160 1.140 1.070 0.950 0.790 0.650 0.570 0.560 0.620 0.710 0.760 0.730 0.600 0.430 0.310 0.290 0.410 0.650 0.920 1.060 0.990
97 1.370 1.300 1.250 1.240 1.290 1.390 1.510 1.610 1.670 1.690 1.680 1.680 1.690 1.710 1.710 1.640 1.470 1.230 0.990 0.850 0.860 1.010 1.210 1.330 1.260 0.980
99 1.450 1.430 1.400 1.370 1.370 1.410 1.510 1.640 1.790 1.910 1.980 1.990 1.970 1.920 1.870 1.790 1.650 1.430 1.170 0.950 0.860 0.910 1.100 1.300 1.380 1.240
101 2.180 2.090 1.980 1.870 1.780 1.720 1.670 1.620 1.530 1.370 1.160 0.940 0.760 0.630 0.560 0.530 0.500 0.450 0.350 0.220 0.110 0.047 0.022 0.018 0.024 0.038
ID 5.325 5.191 5.056 4.921 4.786 4.652 4.518 4.383 4.248 4.114 3.979 3.844 3.710 3.575 3.441 3.306 3.171 3.037 2.903 2.768 2.633 2.500 2.364 2.230 2.095 1.961
103 1.760 1.670 1.580 1.500 1.450 1.410 1.380 1.370 1.360 1.340 1.310 1.260 1.190 1.100 0.990 0.860 0.730 0.610 0.530 0.480 0.470 0.470 0.450 0.380 0.270 0.140
105 1.840 1.760 1.680 1.600 1.540 1.510 1.510 1.530 1.540 1.520 1.480 1.410 1.320 1.230 1.130 1.030 0.910 0.760 0.600 0.470 0.400 0.390 0.420 0.440 0.420 0.330
107 2.300 2.300 2.270 2.240 2.230 2.270 2.370 2.500 2.640 2.720 2.730 2.650 2.520 2.350 2.170 1.980 1.730 1.440 1.120 0.860 0.680 0.600 0.570 0.520 0.420 0.260
109 2.960 3.100 3.220 3.300 3.340 3.320 3.250 3.120 2.940 2.720 2.460 2.160 1.850 1.510 1.170 0.860 0.620 0.480 0.400 0.380 0.380 0.360 0.280 0.170 0.066 0.014
111 2.550 2.620 2.670 2.720 2.770 2.820 2.850 2.850 2.810 2.730 2.590 2.410 2.200 1.960 1.710 1.460 1.230 1.020 0.860 0.730 0.640 0.580 0.510 0.410 0.290 0.160
113 2.210 2.320 2.440 2.570 2.720 2.880 3.040 3.170 3.250 3.260 3.190 3.030 2.810 2.530 2.220 1.910 1.630 1.380 1.170 1.000 0.860 0.710 0.560 0.400 0.230 0.100
115 1.870 1.940 2.020 2.120 2.240 2.370 2.500 2.620 2.710 2.740 2.710 2.600 2.410 2.160 1.870 1.560 1.260 0.990 0.750 0.570 0.450 0.380 0.310 0.240 0.170 0.089
117 1.800 1.860 1.940 2.040 2.160 2.310 2.470 2.610 2.720 2.770 2.750 2.650 2.480 2.260 2.010 1.750 1.500 1.270 1.070 0.920 0.820 0.770 0.730 0.660 0.540 0.370
119 1.600 1.650 1.710 1.790 1.890 1.990 2.100 2.180 2.240 2.260 2.230 2.170 2.050 1.890 1.700 1.480 1.250 1.040 0.870 0.760 0.700 0.700 0.690 0.650 0.530 0.350
121 1.590 1.690 1.800 1.890 1.960 2.020 2.070 2.150 2.260 2.390 2.500 2.530 2.440 2.200 1.830 1.410 1.020 0.740 0.610 0.600 0.700 0.820 0.890 0.830 0.650 0.400
123 1.710 1.760 1.820 1.920 2.040 2.170 2.310 2.420 2.490 2.500 2.450 2.350 2.180 1.980 1.740 1.500 1.270 1.050 0.870 0.740 0.650 0.610 0.600 0.570 0.500 0.370
125 1.740 1.810 1.890 1.990 2.120 2.260 2.410 2.540 2.630 2.660 2.630 2.520 2.350 2.120 1.860 1.590 1.320 1.070 0.860 0.720 0.660 0.660 0.680 0.670 0.580 0.410
127 1.720 1.790 1.880 1.990 2.140 2.300 2.470 2.620 2.730 2.780 2.760 2.650 2.460 2.210 1.920 1.620 1.310 1.030 0.810 0.670 0.610 0.610 0.630 0.610 0.510 0.340
129 1.570 1.510 1.460 1.430 1.430 1.460 1.510 1.560 1.610 1.630 1.600 1.520 1.390 1.230 1.060 0.910 0.810 0.740 0.690 0.660 0.610 0.540 0.440 0.320 0.200 0.097
131 2.320 2.540 2.800 3.100 3.430 3.770 4.070 4.260 4.320 4.220 3.980 3.640 3.240 2.810 2.380 1.960 1.570 1.230 0.970 0.790 0.660 0.550 0.420 0.270 0.130 0.044
133 3.200 3.110 3.000 2.880 2.760 2.640 2.500 2.310 2.060 1.780 1.490 1.240 1.030 0.850 0.680 0.500 0.320 0.190 0.130 0.120 0.130 0.150 0.140 0.098 0.044 0.010
135 2.290 1.960 1.640 1.370 1.160 1.000 0.890 0.800 0.710 0.610 0.500 0.400 0.320 0.280 0.270 0.270 0.250 0.190 0.110 0.038 0.009 0.006 0.009 0.009 0.003 0.000
137 3.520 3.170 2.660 2.080 1.550 1.180 0.960 0.830 0.720 0.610 0.520 0.440 0.370 0.330 0.290 0.260 0.240 0.220 0.190 0.170 0.140 0.110 0.077 0.048 0.025 0.011
139 2.220 1.930 1.660 1.430 1.260 1.110 0.980 0.830 0.650 0.450 0.270 0.160 0.110 0.100 0.110 0.130 0.140 0.130 0.120 0.096 0.079 0.067 0.057 0.045 0.028 0.013
141 2.140 1.870 1.630 1.430 1.290 1.180 1.080 0.960 0.810 0.650 0.500 0.400 0.340 0.310 0.280 0.230 0.170 0.100 0.065 0.053 0.063 0.083 0.093 0.078 0.045 0.016
143 2.820 2.710 2.580 2.440 2.310 2.190 2.070 1.930 1.760 1.560 1.350 1.130 0.930 0.740 0.560 0.380 0.240 0.150 0.120 0.140 0.180 0.210 0.190 0.120 0.052 0.011
145 2.780 3.250 3.770 4.300 4.820 5.260 5.550 5.640 5.480 5.090 4.510 3.830 3.140 2.510 1.980 1.550 1.210 0.950 0.760 0.630 0.530 0.440 0.340 0.230 0.130 0.060
147 2.830 3.180 3.550 3.930 4.310 4.650 4.920 5.060 5.030 4.790 4.360 3.790 3.170 2.570 2.050 1.620 1.280 1.000 0.770 0.590 0.460 0.380 0.310 0.240 0.150 0.061
149 3.150 2.940 2.680 2.400 2.120 1.860 1.610 1.380 1.170 0.970 0.800 0.650 0.530 0.450 0.390 0.350 0.320 0.290 0.260 0.220 0.170 0.120 0.072 0.038 0.019 0.008
151 2.810 2.660 2.620 2.670 2.740 2.680 2.380 1.830 1.120 0.500 0.140 0.020 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
153 3.490 3.600 3.660 3.660 3.590 3.460 3.260 2.990 2.670 2.320 1.960 1.610 1.310 1.060 0.870 0.720 0.610 0.530 0.460 0.380 0.290 0.190 0.110 0.051 0.019 0.005
155 3.000 2.900 2.750 2.580 2.390 2.190 2.000 1.800 1.590 1.380 1.180 0.990 0.840 0.710 0.610 0.530 0.470 0.410 0.350 0.290 0.250 0.210 0.190 0.170 0.150 0.120
157 2.940 3.040 3.130 3.220 3.290 3.340 3.340 3.280 3.120 2.880 2.560 2.200 1.830 1.490 1.200 0.970 0.800 0.660 0.540 0.440 0.350 0.280 0.220 0.170 0.120 0.062
P14
159 1.570 1.720 1.900 2.120 2.390 2.730 3.120 3.540 3.940 4.270 4.480 4.540 4.420 4.150 3.760 3.300 2.830 2.370 1.950 1.580 1.270 1.040 0.880 0.810 0.800 0.820
160 0.830 0.920 1.040 1.220 1.490 1.880 2.400 3.030 3.720 4.400 4.970 5.350 5.460 5.290 4.870 4.270 3.590 2.900 2.270 1.750 1.350 1.100 0.970 0.940 1.000 1.090
161 2.010 2.180 2.390 2.630 2.910 3.230 3.550 3.840 4.070 4.200 4.210 4.090 3.840 3.510 3.120 2.720 2.330 1.970 1.630 1.320 1.040 0.800 0.620 0.500 0.420 0.370
162 1.790 1.960 2.170 2.440 2.780 3.200 3.660 4.140 4.560 4.870 5.010 4.950 4.690 4.270 3.730 3.140 2.570 2.050 1.590 1.210 0.880 0.630 0.450 0.350 0.300 0.280
163 2.190 2.350 2.530 2.740 3.000 3.300 3.620 3.910 4.140 4.260 4.240 4.070 3.780 3.380 2.920 2.450 2.000 1.590 1.240 0.930 0.690 0.520 0.430 0.390 0.380 0.370
164 2.210 2.370 2.540 2.740 2.960 3.220 3.470 3.700 3.860 3.920 3.860 3.680 3.400 3.050 2.670 2.300 1.960 1.650 1.380 1.120 0.880 0.660 0.480 0.360 0.290 0.270
165 2.460 2.560 2.670 2.780 2.900 3.020 3.130 3.200 3.210 3.150 3.020 2.810 2.550 2.260 1.970 1.700 1.450 1.230 1.020 0.820 0.620 0.450 0.330 0.250 0.210 0.200
166 2.540 2.600 2.670 2.760 2.860 2.960 3.060 3.120 3.110 3.040 2.890 2.680 2.430 2.150 1.860 1.580 1.310 1.090 0.910 0.790 0.710 0.630 0.530 0.400 0.250 0.120
167 2.660 2.830 3.000 3.150 3.290 3.420 3.550 3.640 3.690 3.660 3.540 3.310 3.000 2.640 2.250 1.890 1.560 1.280 1.040 0.810 0.600 0.410 0.280 0.200 0.160 0.160
168 2.930 3.110 3.280 3.430 3.570 3.700 3.770 3.770 3.680 3.490 3.220 2.890 2.520 2.160 1.800 1.470 1.180 0.940 0.740 0.600 0.480 0.380 0.290 0.190 0.098 0.035
169 1.200 1.050 0.910 0.790 0.710 0.650 0.620 0.600 0.580 0.560 0.540 0.540 0.540 0.550 0.570 0.580 0.580 0.560 0.520 0.470 0.400 0.320 0.230 0.140 0.071 0.024
170 2.710 3.000 3.310 3.640 3.970 4.290 4.550 4.710 4.720 4.560 4.230 3.770 3.240 2.680 2.150 1.700 1.340 1.060 0.860 0.690 0.540 0.400 0.270 0.150 0.071 0.023
171 2.350 2.700 3.100 3.540 4.000 4.460 4.870 5.180 5.320 5.270 5.010 4.560 3.990 3.350 2.720 2.160 1.710 1.350 1.070 0.840 0.650 0.490 0.360 0.270 0.210 0.180
172 2.750 3.150 3.580 4.020 4.460 4.840 5.150 5.320 5.340 5.160 4.800 4.290 3.690 3.040 2.410 1.850 1.370 1.000 0.720 0.530 0.410 0.320 0.250 0.200 0.150 0.110
173 2.640 3.000 3.390 3.800 4.210 4.610 4.960 5.210 5.310 5.230 4.950 4.510 3.940 3.310 2.690 2.140 1.670 1.300 1.000 0.760 0.580 0.440 0.340 0.280 0.230 0.180
ID 5.325 5.191 5.056 4.921 4.786 4.652 4.518 4.383 4.248 4.114 3.979 3.844 3.710 3.575 3.441 3.306 3.171 3.037 2.903 2.768 2.633 2.500 2.364 2.230 2.095 1.961
174 2.720 3.030 3.330 3.640 3.930 4.190 4.390 4.500 4.480 4.310 4.000 3.570 3.070 2.550 2.060 1.630 1.290 1.030 0.820 0.660 0.520 0.400 0.310 0.240 0.180 0.130
175 (1) 1.650 1.610 1.550 1.480 1.410 1.340 1.270 1.200 1.130 1.040 0.950 0.860 0.770 0.680 0.610 0.570 0.560 0.570 0.620 0.660 0.650 0.590 0.460 0.290 0.140 0.043
175 (2) 1.520 1.320 1.120 0.930 0.770 0.630 0.510 0.410 0.320 0.250 0.190 0.160 0.160 0.190 0.250 0.330 0.410 0.460 0.440 0.340 0.200 0.074 0.014 0.001 0.000 0.000
176 1.470 1.270 1.090 0.930 0.810 0.710 0.620 0.540 0.450 0.360 0.290 0.260 0.260 0.280 0.330 0.380 0.450 0.520 0.580 0.620 0.600 0.520 0.380 0.220 0.092 0.023
177 1.780 1.840 1.880 1.900 1.920 1.930 1.940 1.940 1.930 1.880 1.790 1.670 1.510 1.350 1.200 1.080 0.990 0.910 0.820 0.710 0.580 0.440 0.310 0.200 0.110 0.051
178 1.740 1.680 1.610 1.510 1.420 1.340 1.270 1.230 1.190 1.150 1.110 1.060 0.990 0.920 0.850 0.800 0.780 0.760 0.740 0.690 0.600 0.470 0.320 0.180 0.078 0.023
179 1.340 1.190 1.040 0.900 0.790 0.700 0.620 0.550 0.470 0.390 0.330 0.300 0.290 0.320 0.370 0.440 0.530 0.630 0.720 0.770 0.730 0.610 0.420 0.230 0.086 0.020
180 1.930 1.930 1.880 1.810 1.730 1.670 1.640 1.610 1.580 1.540 1.460 1.360 1.260 1.150 1.060 0.970 0.890 0.810 0.730 0.640 0.560 0.470 0.380 0.290 0.190 0.096
181 1.750 1.680 1.600 1.510 1.450 1.390 1.340 1.270 1.180 1.080 0.970 0.880 0.820 0.770 0.740 0.720 0.710 0.700 0.690 0.690 0.670 0.610 0.500 0.360 0.200 0.083
182 1.570 1.600 1.620 1.630 1.620 1.610 1.580 1.550 1.500 1.440 1.370 1.290 1.190 1.080 0.980 0.900 0.850 0.800 0.750 0.680 0.580 0.460 0.320 0.190 0.091 0.030
183 1.450 1.380 1.260 1.110 0.950 0.790 0.650 0.530 0.430 0.350 0.280 0.230 0.190 0.160 0.140 0.120 0.100 0.072 0.039 0.014 0.003 0.000 0.000 0.000 0.000 0.000
184 1.910 1.860 1.800 1.720 1.650 1.570 1.490 1.410 1.310 1.220 1.130 1.050 0.990 0.930 0.890 0.860 0.840 0.820 0.810 0.780 0.720 0.620 0.480 0.320 0.170 0.068
185 2.080 1.990 1.900 1.810 1.720 1.650 1.580 1.510 1.420 1.330 1.240 1.170 1.110 1.060 1.020 0.980 0.940 0.880 0.820 0.740 0.640 0.530 0.390 0.260 0.130 0.047
186 2.120 2.020 1.890 1.750 1.630 1.510 1.410 1.330 1.250 1.170 1.090 1.020 0.950 0.890 0.840 0.800 0.770 0.760 0.770 0.790 0.780 0.720 0.600 0.430 0.240 0.094
187 1.980 1.890 1.790 1.690 1.600 1.500 1.400 1.260 1.080 0.890 0.700 0.560 0.480 0.420 0.390 0.370 0.380 0.410 0.470 0.530 0.560 0.530 0.430 0.280 0.140 0.050
188 2.210 2.100 1.960 1.800 1.630 1.470 1.320 1.180 1.050 0.940 0.830 0.740 0.660 0.590 0.540 0.510 0.480 0.460 0.430 0.380 0.330 0.270 0.200 0.140 0.086 0.041
189 1.610 1.500 1.350 1.180 1.020 0.890 0.800 0.750 0.740 0.730 0.720 0.700 0.680 0.670 0.690 0.730 0.790 0.830 0.830 0.770 0.660 0.510 0.360 0.230 0.120 0.048
190 1.810 1.730 1.630 1.530 1.440 1.360 1.300 1.240 1.170 1.110 1.040 0.980 0.920 0.890 0.870 0.870 0.870 0.870 0.840 0.770 0.660 0.510 0.360 0.210 0.095 0.031
191 1.700 1.500 1.310 1.130 0.990 0.880 0.780 0.680 0.570 0.470 0.370 0.300 0.250 0.220 0.210 0.220 0.220 0.230 0.210 0.190 0.140 0.087 0.035 0.007 0.001 0.000
192 1.620 1.500 1.360 1.230 1.110 1.000 0.900 0.800 0.720 0.650 0.600 0.570 0.580 0.600 0.650 0.690 0.730 0.750 0.740 0.690 0.600 0.470 0.330 0.190 0.088 0.027
193 1.740 1.560 1.360 1.160 0.970 0.810 0.670 0.560 0.470 0.390 0.330 0.290 0.260 0.240 0.240 0.250 0.290 0.360 0.440 0.500 0.510 0.440 0.310 0.160 0.056 0.010
194 0.820 0.760 0.680 0.590 0.490 0.400 0.350 0.330 0.330 0.360 0.400 0.430 0.450 0.490 0.530 0.600 0.670 0.730 0.760 0.710 0.610 0.460 0.310 0.190 0.100 0.038
195 2.050 1.910 1.760 1.600 1.450 1.310 1.190 1.070 0.950 0.840 0.750 0.680 0.640 0.620 0.610 0.610 0.620 0.640 0.670 0.700 0.700 0.650 0.540 0.380 0.200 0.075
196 2.850 2.980 3.070 3.130 3.170 3.170 3.130 3.030 2.870 2.640 2.380 2.100 1.850 1.630 1.450 1.300 1.180 1.070 0.970 0.880 0.770 0.650 0.500 0.340 0.180 0.067
197 3.610 3.770 3.860 3.870 3.800 3.640 3.400 3.090 2.730 2.350 1.970 1.620 1.340 1.120 0.970 0.880 0.830 0.800 0.770 0.720 0.630 0.500 0.350 0.200 0.087 0.025
198 1.970 2.110 2.280 2.500 2.750 3.030 3.320 3.610 3.870 4.070 4.130 3.970 3.560 2.910 2.150 1.440 0.940 0.660 0.510 0.410 0.340 0.290 0.250 0.210 0.160 0.100
199 1.280 1.090 0.920 0.790 0.700 0.640 0.590 0.540 0.470 0.400 0.350 0.320 0.330 0.360 0.400 0.440 0.460 0.450 0.430 0.380 0.310 0.230 0.150 0.082 0.041 0.018
200 1.480 1.330 1.180 1.040 0.930 0.830 0.740 0.650 0.560 0.470 0.410 0.380 0.350 0.340 0.320 0.310 0.310 0.340 0.380 0.420 0.430 0.410 0.330 0.230 0.120 0.041
201 1.720 1.600 1.450 1.300 1.160 1.030 0.920 0.830 0.760 0.710 0.660 0.610 0.550 0.470 0.380 0.280 0.190 0.110 0.040 0.008 0.001 0.000 0.000 0.000 0.000 0.000
202 1.760 1.780 1.800 1.840 1.910 2.010 2.150 2.290 2.410 2.510 2.560 2.570 2.520 2.420 2.280 2.090 1.870 1.640 1.440 1.260 1.120 0.970 0.800 0.580 0.340 0.150
203 1.860 1.850 1.840 1.830 1.850 1.900 2.000 2.140 2.290 2.450 2.600 2.710 2.770 2.770 2.680 2.520 2.280 1.990 1.700 1.440 1.270 1.140 1.030 0.880 0.660 0.400
204 1.350 1.420 1.520 1.660 1.860 2.150 2.540 3.020 3.550 4.070 4.510 4.770 4.820 4.640 4.270 3.770 3.230 2.700 2.230 1.830 1.500 1.220 1.000 0.820 0.680 0.560
205 2.400 2.630 2.870 3.130 3.420 3.740 4.050 4.320 4.510 4.570 4.470 4.230 3.860 3.410 2.940 2.490 2.090 1.760 1.480 1.230 1.010 0.800 0.620 0.480 0.380 0.320
206 1.690 1.870 2.090 2.360 2.710 3.160 3.670 4.230 4.740 5.140 5.340 5.280 4.940 4.390 3.710 3.010 2.380 1.880 1.520 1.250 1.040 0.870 0.740 0.630 0.560 0.510
207 0.920 1.050 1.210 1.430 1.740 2.210 2.850 3.700 4.700 5.760 6.740 7.460 7.760 7.570 6.910 5.890 4.690 3.480 2.410 1.580 1.020 0.680 0.520 0.450 0.420 0.370
208 1.310 1.330 1.360 1.420 1.530 1.710 2.000 2.400 2.900 3.470 4.030 4.520 4.820 4.880 4.680 4.230 3.620 2.920 2.250 1.660 1.200 0.890 0.710 0.610 0.560 0.520
209 1.260 1.300 1.350 1.430 1.570 1.800 2.160 2.640 3.240 3.900 4.550 5.070 5.380 5.400 5.120 4.590 3.880 3.120 2.390 1.770 1.280 0.950 0.750 0.650 0.600 0.570
210 1.550 1.550 1.550 1.590 1.690 1.860 2.110 2.440 2.840 3.280 3.720 4.080 4.300 4.330 4.140 3.750 3.210 2.590 1.990 1.480 1.110 0.890 0.770 0.710 0.650 0.550
211 1.275 1.300 1.330 1.395 1.515 1.700 1.965 2.320 2.755 3.255 3.775 4.250 4.610 4.785 4.730 4.450 3.975 3.370 2.725 2.125 1.625 1.265 1.025 0.880 0.775 0.665
212 1.000 1.050 1.110 1.200 1.340 1.540 1.820 2.200 2.670 3.230 3.830 4.420 4.920 5.240 5.320 5.150 4.740 4.150 3.460 2.770 2.140 1.640 1.280 1.050 0.900 0.780
213 1.380 1.380 1.390 1.430 1.520 1.670 1.870 2.130 2.430 2.770 3.130 3.460 3.740 3.910 3.940 3.820 3.540 3.130 2.650 2.140 1.670 1.280 1.000 0.810 0.690 0.600
214 1.650 1.730 1.810 1.900 2.030 2.210 2.480 2.830 3.260 3.720 4.170 4.530 4.750 4.770 4.580 4.220 3.740 3.190 2.620 2.070 1.560 1.130 0.810 0.590 0.480 0.430
215 1.890 2.170 2.520 2.920 3.380 3.890 4.400 4.880 5.260 5.470 5.480 5.270 4.870 4.320 3.710 3.100 2.540 2.060 1.660 1.300 0.980 0.700 0.490 0.340 0.270 0.240
216 1.570 1.870 2.250 2.740 3.350 4.100 4.930 5.760 6.480 6.950 7.060 6.770 6.110 5.190 4.170 3.180 2.340 1.680 1.200 0.860 0.630 0.480 0.380 0.320 0.280 0.240
217 1.160 1.420 1.740 2.160 2.750 3.550 4.560 5.710 6.860 7.820 8.340 8.250 7.530 6.340 4.940 3.600 2.520 1.780 1.340 1.040 0.710 0.280 0.066 0.089 0.200 0.210
ID 5.325 5.191 5.056 4.921 4.786 4.652 4.518 4.383 4.248 4.114 3.979 3.844 3.710 3.575 3.441 3.306 3.171 3.037 2.903 2.768 2.633 2.500 2.364 2.230 2.095 1.961
218 0.980 1.100 1.280 1.540 1.940 2.540 3.370 4.390 5.490 6.520 7.270 7.570 7.340 6.610 5.530 4.310 3.150 2.220 1.550 1.120 0.850 0.690 0.580 0.520 0.480 0.450
219 1.100 1.260 1.460 1.760 2.210 2.840 3.660 4.630 5.660 6.590 7.250 7.490 7.230 6.510 5.450 4.250 3.100 2.140 1.430 0.960 0.670 0.520 0.440 0.410 0.390 0.360
220 0.890 1.030 1.230 1.530 1.980 2.620 3.490 4.530 5.670 6.750 7.590 8.020 7.950 7.370 6.380 5.150 3.890 2.760 1.850 1.200 0.780 0.530 0.400 0.350 0.350 0.350
221 1.620 1.750 1.920 2.140 2.480 2.930 3.510 4.170 4.840 5.400 5.740 5.780 5.490 4.900 4.120 3.280 2.500 1.840 1.350 1.000 0.760 0.600 0.490 0.420 0.380 0.330
222 1.900 2.170 2.490 2.880 3.350 3.880 4.460 5.030 5.510 5.820 5.890 5.680 5.200 4.520 3.720 2.930 2.230 1.670 1.250 0.940 0.700 0.530 0.410 0.350 0.320 0.310
223 2.990 3.450 3.930 4.410 4.830 5.170 5.380 5.420 5.260 4.900 4.370 3.730 3.050 2.390 1.830 1.390 1.070 0.850 0.700 0.570 0.460 0.360 0.270 0.210 0.170 0.140
224 2.780 3.110 3.460 3.840 4.220 4.540 4.770 4.840 4.740 4.450 4.020 3.510 2.980 2.490 2.080 1.750 1.490 1.280 1.080 0.890 0.710 0.540 0.400 0.310 0.240 0.190
225 2.600 2.820 3.080 3.370 3.690 4.050 4.390 4.670 4.840 4.830 4.620 4.220 3.670 3.040 2.420 1.870 1.430 1.100 0.860 0.670 0.510 0.380 0.280 0.210 0.160 0.130
226 1.910 2.090 2.290 2.510 2.780 3.090 3.450 3.860 4.280 4.670 4.990 5.170 5.150 4.920 4.490 3.890 3.200 2.490 1.840 1.290 0.870 0.600 0.430 0.350 0.310 0.280
227 2.770 2.970 3.170 3.360 3.540 3.700 3.830 3.930 3.950 3.880 3.700 3.410 3.040 2.630 2.230 1.880 1.600 1.380 1.180 0.990 0.780 0.560 0.380 0.240 0.160 0.110
228 2.850 3.080 3.320 3.540 3.750 3.940 4.070 4.140 4.110 3.970 3.730 3.390 2.990 2.570 2.180 1.820 1.530 1.270 1.050 0.830 0.620 0.420 0.280 0.190 0.140 0.130
229 2.770 2.880 2.980 3.060 3.140 3.200 3.250 3.270 3.250 3.170 3.030 2.830 2.590 2.300 2.000 1.700 1.420 1.160 0.940 0.740 0.580 0.430 0.300 0.190 0.100 0.042
230 3.140 3.250 3.330 3.360 3.370 3.340 3.290 3.180 3.030 2.830 2.580 2.310 2.030 1.770 1.520 1.310 1.130 0.980 0.840 0.720 0.580 0.440 0.290 0.160 0.066 0.016
231 2.730 2.920 3.110 3.310 3.520 3.730 3.920 4.080 4.170 4.160 4.030 3.790 3.440 3.010 2.540 2.050 1.580 1.150 0.780 0.480 0.280 0.160 0.100 0.080 0.071 0.064
232 2.380 2.630 2.880 3.140 3.410 3.710 4.010 4.300 4.550 4.730 4.810 4.750 4.540 4.180 3.700 3.150 2.570 2.010 1.500 1.080 0.750 0.510 0.360 0.280 0.240 0.210
233 2.520 2.760 3.000 3.240 3.480 3.730 3.970 4.200 4.390 4.500 4.500 4.380 4.120 3.740 3.280 2.780 2.270 1.800 1.390 1.020 0.720 0.490 0.340 0.240 0.180 0.140
234 2.610 2.800 2.980 3.170 3.360 3.570 3.770 3.940 4.050 4.080 3.990 3.790 3.480 3.080 2.650 2.200 1.790 1.420 1.090 0.810 0.570 0.390 0.270 0.210 0.170 0.150
235 2.620 2.870 3.110 3.340 3.570 3.810 4.040 4.250 4.410 4.490 4.470 4.310 4.020 3.620 3.130 2.620 2.130 1.680 1.280 0.940 0.640 0.410 0.240 0.150 0.110 0.110
236 2.910 3.100 3.270 3.410 3.550 3.670 3.770 3.850 3.870 3.830 3.710 3.530 3.270 2.950 2.570 2.150 1.710 1.280 0.900 0.620 0.420 0.290 0.200 0.140 0.100 0.078
237 2.800 3.040 3.270 3.490 3.710 3.920 4.100 4.250 4.330 4.320 4.210 3.980 3.660 3.250 2.790 2.310 1.860 1.450 1.100 0.790 0.540 0.340 0.210 0.130 0.100 0.100
238 2.340 2.550 2.760 2.980 3.220 3.490 3.780 4.070 4.330 4.530 4.630 4.610 4.440 4.120 3.670 3.130 2.560 1.990 1.470 1.020 0.670 0.430 0.290 0.220 0.190 0.170
239 2.100 2.320 2.540 2.790 3.070 3.380 3.720 4.070 4.410 4.700 4.890 4.930 4.800 4.500 4.040 3.480 2.860 2.250 1.690 1.200 0.810 0.530 0.360 0.270 0.230 0.200
240 2.280 2.430 2.580 2.740 2.930 3.160 3.410 3.660 3.890 4.040 4.090 4.000 3.770 3.400 2.950 2.450 1.950 1.490 1.090 0.770 0.530 0.360 0.250 0.190 0.140 0.100
241 1.660 1.530 1.390 1.230 1.080 0.940 0.820 0.740 0.680 0.640 0.610 0.580 0.560 0.540 0.530 0.550 0.570 0.580 0.570 0.530 0.440 0.340 0.230 0.140 0.069 0.027
242 2.530 2.470 2.360 2.250 2.170 2.120 2.100 2.080 2.020 1.870 1.630 1.330 1.050 0.840 0.700 0.610 0.540 0.490 0.450 0.430 0.400 0.350 0.270 0.180 0.095 0.034
243 2.380 2.400 2.420 2.440 2.460 2.500 2.540 2.560 2.560 2.530 2.450 2.320 2.150 1.950 1.740 1.540 1.360 1.210 1.070 0.940 0.790 0.610 0.430 0.250 0.110 0.033
244 2.430 2.480 2.520 2.570 2.660 2.760 2.880 2.980 3.030 3.000 2.900 2.710 2.450 2.160 1.850 1.540 1.270 1.050 0.880 0.750 0.650 0.560 0.460 0.350 0.220 0.110
245 2.480 2.470 2.460 2.470 2.510 2.580 2.650 2.700 2.690 2.620 2.490 2.310 2.100 1.860 1.600 1.320 1.050 0.800 0.600 0.460 0.370 0.310 0.250 0.190 0.110 0.043
246 2.610 2.550 2.470 2.400 2.350 2.320 2.310 2.280 2.220 2.130 1.990 1.830 1.630 1.410 1.170 0.930 0.680 0.470 0.300 0.210 0.160 0.140 0.120 0.088 0.051 0.020
247 2.290 2.230 2.170 2.120 2.100 2.100 2.100 2.100 2.060 2.000 1.910 1.810 1.700 1.600 1.510 1.410 1.330 1.250 1.190 1.140 1.060 0.920 0.720 0.490 0.250 0.091
248 2.300 2.300 2.300 2.340 2.410 2.530 2.680 2.820 2.920 2.950 2.870 2.710 2.450 2.140 1.790 1.440 1.120 0.850 0.660 0.530 0.450 0.390 0.330 0.260 0.170 0.085
249 2.380 2.430 2.470 2.530 2.610 2.730 2.870 2.990 3.080 3.080 2.990 2.800 2.510 2.170 1.800 1.440 1.120 0.860 0.650 0.510 0.420 0.370 0.340 0.300 0.240 0.160
250 2.450 2.470 2.490 2.520 2.590 2.700 2.830 2.960 3.060 3.100 3.060 2.930 2.720 2.430 2.090 1.730 1.380 1.070 0.820 0.630 0.480 0.360 0.260 0.170 0.090 0.036
251 2.670 2.620 2.540 2.430 2.330 2.240 2.160 2.080 1.990 1.870 1.730 1.570 1.410 1.270 1.150 1.060 0.990 0.940 0.890 0.840 0.770 0.660 0.520 0.350 0.190 0.076
252 2.440 2.410 2.360 2.310 2.280 2.260 2.250 2.230 2.180 2.090 1.950 1.780 1.600 1.410 1.240 1.100 0.990 0.930 0.890 0.850 0.790 0.670 0.500 0.320 0.150 0.050
253 2.340 2.450 2.560 2.700 2.860 3.060 3.270 3.480 3.630 3.690 3.620 3.420 3.100 2.690 2.250 1.800 1.390 1.040 0.760 0.560 0.420 0.310 0.230 0.150 0.083 0.032
254 2.310 2.380 2.470 2.600 2.770 2.960 3.160 3.330 3.440 3.470 3.390 3.200 2.910 2.550 2.150 1.750 1.390 1.090 0.860 0.690 0.570 0.470 0.370 0.260 0.150 0.065
255 2.600 2.690 2.770 2.840 2.930 3.020 3.110 3.190 3.220 3.170 3.040 2.820 2.510 2.160 1.790 1.450 1.170 0.960 0.820 0.720 0.640 0.540 0.410 0.260 0.130 0.042
256 2.700 2.790 2.860 2.910 2.970 3.020 3.070 3.090 3.060 2.970 2.790 2.550 2.260 1.940 1.620 1.320 1.050 0.810 0.620 0.480 0.380 0.310 0.250 0.180 0.110 0.051
257 2.820 2.930 3.020 3.090 3.170 3.250 3.330 3.380 3.380 3.300 3.130 2.880 2.550 2.180 1.790 1.440 1.130 0.890 0.720 0.610 0.520 0.440 0.360 0.260 0.160 0.079
258 2.380 2.450 2.510 2.590 2.670 2.770 2.880 2.980 3.060 3.100 3.060 2.930 2.730 2.460 2.160 1.870 1.610 1.400 1.240 1.100 0.970 0.810 0.630 0.420 0.240 0.098
259 3.100 3.200 3.270 3.340 3.400 3.440 3.470 3.450 3.370 3.200 2.940 2.610 2.230 1.840 1.490 1.200 0.980 0.830 0.720 0.640 0.560 0.470 0.370 0.280 0.190 0.120
260 2.820 2.920 3.000 3.100 3.220 3.360 3.490 3.600 3.640 3.580 3.410 3.140 2.790 2.380 1.970 1.580 1.240 0.960 0.740 0.560 0.410 0.280 0.190 0.130 0.092 0.071
261 3.000 3.150 3.280 3.400 3.520 3.640 3.750 3.820 3.830 3.740 3.530 3.200 2.790 2.340 1.900 1.510 1.190 0.940 0.740 0.570 0.420 0.290 0.190 0.130 0.110 0.097
262 2.890 3.000 3.110 3.230 3.360 3.510 3.660 3.780 3.820 3.760 3.580 3.280 2.890 2.450 2.010 1.620 1.290 1.030 0.840 0.680 0.550 0.430 0.340 0.270 0.210 0.160
ID 5.325 5.191 5.056 4.921 4.786 4.652 4.518 4.383 4.248 4.114 3.979 3.844 3.710 3.575 3.441 3.306 3.171 3.037 2.903 2.768 2.633 2.500 2.364 2.230 2.095 1.961
263 2.700 2.710 2.710 2.710 2.710 2.720 2.730 2.730 2.710 2.640 2.520 2.350 2.140 1.920 1.690 1.480 1.270 1.070 0.890 0.720 0.580 0.450 0.330 0.200 0.096 0.030
264 2.960 3.010 3.060 3.100 3.150 3.210 3.270 3.290 3.260 3.140 2.940 2.680 2.370 2.040 1.730 1.450 1.200 1.000 0.830 0.680 0.560 0.440 0.330 0.230 0.130 0.059
265 3.000 3.090 3.150 3.200 3.230 3.260 3.290 3.290 3.250 3.160 2.980 2.730 2.410 2.050 1.690 1.370 1.090 0.860 0.680 0.530 0.400 0.290 0.200 0.140 0.092 0.052
266 1.520 1.470 1.410 1.340 1.290 1.250 1.220 1.190 1.150 1.090 1.010 0.910 0.810 0.710 0.620 0.540 0.470 0.410 0.350 0.290 0.240 0.180 0.130 0.090 0.053 0.025
267 1.960 2.100 2.260 2.470 2.740 3.090 3.510 3.950 4.380 4.740 4.960 4.980 4.770 4.360 3.790 3.140 2.490 1.900 1.410 1.010 0.700 0.470 0.320 0.230 0.180 0.160
268 2.860 2.920 2.970 3.010 3.080 3.160 3.250 3.330 3.370 3.330 3.200 2.980 2.680 2.340 1.990 1.660 1.380 1.140 0.940 0.780 0.630 0.510 0.400 0.310 0.230 0.150
269 2.940 3.050 3.150 3.250 3.360 3.490 3.600 3.680 3.700 3.610 3.410 3.110 2.710 2.270 1.820 1.420 1.080 0.840 0.670 0.560 0.480 0.400 0.310 0.210 0.110 0.039
270 2.670 2.760 2.830 2.880 2.920 2.950 2.970 2.970 2.930 2.840 2.670 2.440 2.160 1.850 1.570 1.320 1.130 0.970 0.840 0.710 0.590 0.470 0.350 0.250 0.160 0.082
271 2.730 2.740 2.720 2.710 2.690 2.650 2.590 2.490 2.350 2.160 1.950 1.730 1.520 1.320 1.140 0.980 0.840 0.730 0.640 0.580 0.520 0.470 0.390 0.290 0.180 0.082
272 2.420 2.440 2.420 2.380 2.340 2.290 2.240 2.180 2.100 2.000 1.870 1.730 1.580 1.440 1.320 1.230 1.150 1.100 1.050 0.990 0.880 0.720 0.530 0.330 0.160 0.055
273 1.490 1.440 1.350 1.260 1.190 1.150 1.120 1.090 1.050 0.980 0.910 0.840 0.780 0.740 0.720 0.700 0.670 0.630 0.570 0.500 0.430 0.350 0.270 0.190 0.110 0.049
274 2.190 2.160 2.100 2.010 1.930 1.860 1.800 1.740 1.660 1.560 1.440 1.310 1.170 1.050 0.940 0.840 0.760 0.690 0.620 0.540 0.470 0.390 0.300 0.210 0.130 0.064
275 2.080 2.070 2.030 1.980 1.930 1.880 1.810 1.730 1.620 1.490 1.350 1.210 1.080 0.970 0.890 0.820 0.770 0.760 0.760 0.750 0.710 0.610 0.460 0.280 0.130 0.041
276 2.060 2.050 2.030 2.000 1.960 1.920 1.860 1.770 1.670 1.560 1.440 1.330 1.230 1.130 1.050 0.980 0.910 0.860 0.810 0.750 0.660 0.540 0.390 0.230 0.100 0.029
277 2.010 2.010 1.980 1.920 1.850 1.770 1.700 1.620 1.540 1.440 1.330 1.200 1.080 0.970 0.890 0.830 0.810 0.820 0.860 0.880 0.860 0.770 0.610 0.410 0.210 0.074
278 1.950 1.960 1.950 1.930 1.890 1.840 1.770 1.700 1.610 1.520 1.390 1.230 1.030 0.820 0.650 0.550 0.540 0.570 0.610 0.650 0.670 0.630 0.520 0.380 0.210 0.086
279 2.000 2.040 2.040 2.010 1.950 1.860 1.770 1.680 1.580 1.470 1.350 1.210 1.060 0.910 0.780 0.670 0.590 0.530 0.480 0.410 0.340 0.260 0.180 0.120 0.071 0.035
280 1.890 1.910 1.900 1.870 1.820 1.770 1.710 1.640 1.560 1.450 1.330 1.200 1.080 0.980 0.920 0.890 0.890 0.920 0.940 0.950 0.910 0.810 0.660 0.460 0.270 0.120
281 1.960 1.980 1.980 1.970 1.950 1.910 1.860 1.790 1.690 1.580 1.460 1.330 1.190 1.060 0.960 0.900 0.890 0.930 1.020 1.100 1.110 1.020 0.820 0.540 0.270 0.093
282 2.070 2.130 2.160 2.150 2.110 2.050 1.970 1.880 1.780 1.660 1.530 1.390 1.240 1.100 0.980 0.880 0.800 0.720 0.640 0.530 0.410 0.300 0.220 0.170 0.140 0.100
283 1.980 2.000 1.980 1.950 1.900 1.840 1.790 1.730 1.650 1.570 1.470 1.360 1.250 1.160 1.090 1.040 1.020 1.000 0.960 0.890 0.760 0.600 0.430 0.260 0.140 0.057
284 2.170 2.160 2.130 2.110 2.090 2.070 2.030 1.950 1.830 1.680 1.510 1.360 1.230 1.130 1.060 1.020 1.010 1.000 1.000 0.970 0.890 0.750 0.560 0.350 0.170 0.056
285 2.090 2.040 1.990 1.960 1.940 1.910 1.860 1.770 1.640 1.480 1.310 1.150 1.010 0.890 0.780 0.680 0.590 0.510 0.450 0.380 0.310 0.230 0.150 0.077 0.028 0.005
286 2.340 2.490 2.620 2.700 2.740 2.730 2.680 2.580 2.430 2.230 1.990 1.720 1.440 1.180 0.960 0.790 0.680 0.620 0.580 0.550 0.500 0.430 0.340 0.230 0.120 0.043
287 1.810 1.770 1.710 1.630 1.540 1.450 1.370 1.280 1.190 1.100 1.010 0.920 0.840 0.790 0.750 0.740 0.750 0.760 0.740 0.690 0.590 0.450 0.300 0.170 0.070 0.020
288 1.810 1.750 1.680 1.600 1.540 1.490 1.440 1.360 1.250 1.120 0.970 0.850 0.760 0.700 0.670 0.660 0.670 0.690 0.720 0.750 0.750 0.690 0.560 0.380 0.200 0.071
289 1.360 1.300 1.250 1.220 1.190 1.160 1.110 1.030 0.920 0.790 0.680 0.600 0.560 0.540 0.540 0.550 0.540 0.500 0.450 0.390 0.320 0.260 0.200 0.140 0.083 0.037
290 0.820 0.760 0.660 0.580 0.510 0.470 0.440 0.410 0.360 0.300 0.240 0.200 0.180 0.200 0.230 0.270 0.290 0.290 0.250 0.190 0.130 0.079 0.040 0.014 0.002 0.000
291 1.620 1.580 1.490 1.390 1.290 1.210 1.130 1.060 0.960 0.850 0.730 0.630 0.560 0.530 0.550 0.570 0.590 0.590 0.570 0.530 0.460 0.380 0.280 0.180 0.093 0.032
292 1.690 1.650 1.560 1.450 1.330 1.230 1.130 1.040 0.950 0.860 0.760 0.690 0.640 0.620 0.640 0.680 0.760 0.860 0.980 1.070 1.080 0.960 0.730 0.450 0.200 0.053
293 1.530 1.490 1.410 1.310 1.220 1.130 1.070 1.010 0.960 0.900 0.860 0.830 0.830 0.870 0.920 0.980 1.020 1.030 1.020 0.960 0.870 0.740 0.570 0.380 0.200 0.075
294 1.480 1.450 1.400 1.350 1.300 1.250 1.180 1.100 1.000 0.900 0.810 0.740 0.720 0.730 0.760 0.790 0.810 0.800 0.760 0.700 0.610 0.490 0.360 0.230 0.120 0.041
295 1.530 1.560 1.540 1.480 1.400 1.310 1.220 1.130 1.050 0.960 0.870 0.790 0.720 0.660 0.630 0.610 0.600 0.570 0.540 0.480 0.410 0.330 0.250 0.170 0.099 0.042
296 1.930 1.950 1.950 1.930 1.890 1.840 1.750 1.610 1.450 1.270 1.100 0.970 0.890 0.840 0.820 0.810 0.800 0.780 0.740 0.690 0.610 0.520 0.400 0.270 0.140 0.052
297 1.980 2.030 2.040 2.010 1.970 1.910 1.820 1.720 1.580 1.420 1.260 1.110 0.990 0.910 0.860 0.830 0.820 0.800 0.770 0.710 0.620 0.490 0.350 0.210 0.096 0.030
298 0.860 0.840 0.800 0.760 0.750 0.740 0.740 0.720 0.680 0.630 0.590 0.570 0.580 0.610 0.660 0.710 0.750 0.780 0.790 0.750 0.660 0.520 0.340 0.170 0.059 0.011
299 1.910 1.920 1.890 1.840 1.790 1.740 1.670 1.570 1.430 1.270 1.100 0.960 0.870 0.820 0.820 0.850 0.900 0.980 1.060 1.130 1.150 1.070 0.870 0.590 0.310 0.110
300 1.390 1.360 1.300 1.240 1.160 1.090 1.020 0.940 0.860 0.790 0.720 0.670 0.640 0.630 0.650 0.680 0.710 0.720 0.700 0.630 0.530 0.410 0.300 0.190 0.110 0.047
301 1.630 1.550 1.450 1.360 1.280 1.210 1.140 1.060 0.960 0.850 0.750 0.660 0.610 0.580 0.580 0.600 0.650 0.720 0.830 0.930 0.970 0.910 0.730 0.480 0.230 0.075
302 1.370 1.260 1.110 0.940 0.800 0.680 0.600 0.550 0.510 0.480 0.460 0.450 0.460 0.500 0.560 0.640 0.710 0.760 0.770 0.750 0.690 0.580 0.450 0.300 0.150 0.055
303 1.430 1.180 0.960 0.780 0.650 0.570 0.520 0.470 0.410 0.340 0.280 0.240 0.240 0.280 0.330 0.380 0.420 0.420 0.400 0.360 0.310 0.240 0.180 0.110 0.061 0.026
304 0.560 0.450 0.210 0.080 0.069 0.074 0.081 0.082 0.076 0.063 0.052 0.051 0.064 0.091 0.130 0.150 0.140 0.099 0.045 0.010 0.001 0.000 0.000 0.000 0.000 0.000
305 0.660 0.630 0.570 0.500 0.430 0.390 0.390 0.400 0.410 0.420 0.410 0.390 0.390 0.400 0.430 0.480 0.520 0.560 0.560 0.520 0.440 0.330 0.210 0.096 0.030 0.005
306 0.960 0.810 0.310 0.038 0.063 0.290 0.430 0.270 0.160 0.300 0.440 0.320 0.320 0.490 0.610 0.640 0.800 0.990 0.980 1.020 1.310 1.250 0.490 0.038 0.000 0.000
307 1.230 1.210 1.160 1.090 1.020 0.960 0.920 0.900 0.880 0.860 0.830 0.800 0.770 0.760 0.750 0.750 0.750 0.740 0.700 0.640 0.550 0.440 0.320 0.200 0.100 0.036
ID 5.325 5.191 5.056 4.921 4.786 4.652 4.518 4.383 4.248 4.114 3.979 3.844 3.710 3.575 3.441 3.306 3.171 3.037 2.903 2.768 2.633 2.500 2.364 2.230 2.095 1.961
308 1.580 1.480 1.380 1.320 1.310 1.330 1.340 1.320 1.230 1.100 0.950 0.820 0.720 0.660 0.620 0.590 0.550 0.510 0.460 0.410 0.350 0.300 0.250 0.200 0.160 0.110
309 1.800 1.800 1.790 1.780 1.780 1.770 1.740 1.690 1.610 1.500 1.390 1.270 1.160 1.060 0.980 0.900 0.840 0.780 0.730 0.680 0.610 0.510 0.390 0.250 0.130 0.043
310 1.830 1.810 1.780 1.730 1.690 1.650 1.600 1.530 1.430 1.310 1.180 1.060 0.940 0.840 0.760 0.690 0.640 0.610 0.600 0.610 0.610 0.580 0.490 0.360 0.210 0.085
311 2.470 2.490 2.510 2.520 2.530 2.520 2.480 2.390 2.240 2.050 1.850 1.660 1.490 1.360 1.240 1.130 1.020 0.910 0.810 0.720 0.650 0.590 0.510 0.400 0.270 0.140
312 2.630 2.720 2.780 2.800 2.800 2.770 2.690 2.570 2.400 2.190 1.950 1.690 1.440 1.230 1.050 0.910 0.810 0.740 0.670 0.600 0.530 0.450 0.360 0.280 0.190 0.110
P15
324 1.120 1.230 1.370 1.580 1.890 2.330 2.910 3.580 4.290 4.930 5.370 5.520 5.360 4.920 4.300 3.620 2.980 2.410 1.910 1.450 1.020 0.680 0.450 0.340 0.330 0.380
325 1.330 1.500 1.700 1.960 2.310 2.780 3.360 4.030 4.720 5.330 5.760 5.920 5.760 5.320 4.650 3.890 3.130 2.450 1.900 1.460 1.100 0.820 0.590 0.430 0.320 0.240
326 0.820 0.950 1.120 1.370 1.720 2.180 2.760 3.410 4.090 4.720 5.230 5.540 5.650 5.540 5.260 4.870 4.430 3.970 3.520 3.060 2.610 2.180 1.780 1.440 1.140 0.880
327 1.610 1.990 2.480 3.100 3.830 4.620 5.370 5.980 6.330 6.350 6.010 5.360 4.500 3.580 2.740 2.070 1.610 1.290 1.060 0.840 0.600 0.380 0.220 0.150 0.140 0.160
332 1.800 2.210 2.740 3.380 4.100 4.840 5.510 6.010 6.260 6.200 5.830 5.170 4.340 3.440 2.610 1.950 1.490 1.190 0.980 0.780 0.560 0.330 0.160 0.080 0.062 0.078
333 2.480 2.970 3.540 4.140 4.720 5.210 5.510 5.580 5.380 4.940 4.310 3.560 2.800 2.110 1.560 1.160 0.910 0.760 0.650 0.530 0.380 0.230 0.110 0.044 0.028 0.030
334 3.400 3.900 4.370 4.780 5.070 5.200 5.150 4.900 4.480 3.920 3.300 2.680 2.120 1.680 1.350 1.120 0.970 0.850 0.740 0.610 0.480 0.340 0.230 0.150 0.085 0.046
335 2.940 3.330 3.730 4.100 4.400 4.590 4.650 4.560 4.310 3.930 3.440 2.890 2.320 1.770 1.320 0.980 0.770 0.650 0.560 0.470 0.340 0.200 0.082 0.021 0.003 0.000
336 3.560 3.690 3.710 3.620 3.420 3.150 2.820 2.480 2.150 1.840 1.560 1.310 1.080 0.880 0.710 0.600 0.530 0.500 0.470 0.410 0.320 0.210 0.110 0.045 0.016 0.005
337 4.010 4.380 4.620 4.690 4.590 4.350 4.000 3.600 3.170 2.750 2.350 1.960 1.590 1.260 0.980 0.780 0.650 0.570 0.500 0.410 0.290 0.160 0.059 0.011 0.001 0.000
338 3.840 3.880 3.780 3.550 3.240 2.880 2.520 2.180 1.880 1.620 1.390 1.190 1.010 0.850 0.710 0.610 0.540 0.480 0.430 0.360 0.270 0.180 0.110 0.056 0.027 0.010
339 3.480 3.530 3.490 3.360 3.140 2.860 2.560 2.260 1.990 1.750 1.540 1.340 1.150 0.960 0.790 0.650 0.570 0.520 0.480 0.410 0.310 0.180 0.080 0.022 0.003 0.000
340 3.610 3.670 3.620 3.460 3.210 2.900 2.560 2.220 1.880 1.580 1.320 1.100 0.920 0.770 0.660 0.590 0.540 0.510 0.470 0.420 0.340 0.260 0.180 0.110 0.057 0.026
341 3.750 4.020 4.220 4.310 4.290 4.170 3.950 3.640 3.250 2.820 2.360 1.900 1.480 1.120 0.850 0.670 0.560 0.490 0.430 0.340 0.230 0.120 0.041 0.008 0.001 0.000
342 3.700 3.830 3.880 3.860 3.750 3.560 3.290 2.960 2.600 2.230 1.850 1.490 1.160 0.890 0.690 0.580 0.540 0.530 0.500 0.420 0.280 0.140 0.048 0.011 0.002 0.000
343 3.560 3.520 3.410 3.220 2.980 2.710 2.420 2.130 1.850 1.590 1.350 1.130 0.930 0.750 0.600 0.500 0.440 0.410 0.370 0.310 0.220 0.120 0.049 0.013 0.002 0.000
344 3.750 3.690 3.570 3.390 3.190 2.950 2.690 2.390 2.070 1.740 1.420 1.140 0.910 0.730 0.590 0.480 0.400 0.330 0.270 0.230 0.180 0.140 0.100 0.065 0.031 0.009
345 3.570 3.850 4.070 4.200 4.250 4.220 4.110 3.900 3.620 3.250 2.830 2.400 1.980 1.620 1.340 1.140 1.000 0.890 0.780 0.680 0.600 0.540 0.480 0.420 0.320 0.190
346 3.090 3.560 4.020 4.460 4.830 5.100 5.220 5.160 4.890 4.430 3.830 3.140 2.460 1.870 1.420 1.110 0.910 0.770 0.630 0.450 0.260 0.120 0.048 0.027 0.020 0.014
P21-H
397 2.680 2.760 2.820 2.870 2.910 2.930 2.920 2.870 2.770 2.610 2.410 2.170 1.920 1.670 1.430 1.220 1.030 0.880 0.740 0.620 0.510 0.410 0.320 0.230 0.140 0.071
398 2.710 2.690 2.640 2.570 2.490 2.380 2.250 2.090 1.900 1.700 1.500 1.320 1.170 1.040 0.950 0.880 0.830 0.790 0.740 0.670 0.570 0.440 0.310 0.180 0.083 0.026
399 3.200 3.270 3.300 3.280 3.220 3.120 2.960 2.750 2.480 2.170 1.840 1.530 1.260 1.040 0.880 0.760 0.670 0.590 0.520 0.440 0.360 0.270 0.190 0.120 0.066 0.028
400 3.340 3.550 3.720 3.830 3.890 3.870 3.760 3.570 3.290 2.930 2.530 2.120 1.740 1.400 1.130 0.930 0.770 0.650 0.550 0.450 0.350 0.260 0.180 0.120 0.073 0.042
405 2.100 2.420 2.760 3.130 3.520 3.920 4.300 4.640 4.900 5.030 4.990 4.790 4.440 3.980 3.480 2.990 2.550 2.170 1.850 1.560 1.290 1.040 0.830 0.670 0.540 0.440
406 1.710 2.020 2.400 2.840 3.360 3.940 4.550 5.150 5.650 5.990 6.090 5.930 5.520 4.920 4.200 3.470 2.790 2.220 1.760 1.380 1.070 0.800 0.590 0.450 0.360 0.320
407 2.610 2.900 3.220 3.570 3.930 4.280 4.580 4.760 4.790 4.640 4.310 3.840 3.280 2.700 2.160 1.700 1.330 1.050 0.840 0.660 0.510 0.390 0.290 0.230 0.200 0.170
408 2.430 2.590 2.710 2.800 2.830 2.790 2.680 2.510 2.260 1.970 1.650 1.330 1.040 0.800 0.630 0.510 0.440 0.400 0.370 0.320 0.270 0.200 0.140 0.087 0.044 0.017
409 2.070 1.920 1.720 1.510 1.320 1.150 1.010 0.900 0.810 0.740 0.690 0.660 0.670 0.700 0.730 0.770 0.800 0.810 0.810 0.780 0.710 0.600 0.440 0.280 0.130 0.044
410 2.410 2.560 2.690 2.770 2.830 2.840 2.800 2.720 2.570 2.370 2.110 1.820 1.530 1.260 1.030 0.840 0.710 0.620 0.540 0.470 0.380 0.290 0.190 0.110 0.047 0.014
411 2.240 2.390 2.530 2.670 2.810 2.970 3.140 3.320 3.480 3.590 3.630 3.570 3.400 3.150 2.830 2.490 2.160 1.840 1.550 1.270 1.010 0.770 0.570 0.430 0.350 0.300
412 1.520 1.500 1.500 1.520 1.570 1.680 1.840 2.050 2.300 2.570 2.830 3.040 3.170 3.180 3.080 2.870 2.580 2.240 1.900 1.570 1.300 1.090 0.940 0.850 0.780 0.720
413 0.730 0.810 0.920 1.100 1.380 1.800 2.410 3.190 4.120 5.100 5.990 6.670 7.020 6.980 6.570 5.880 5.010 4.100 3.250 2.530 1.960 1.550 1.270 1.080 0.940 0.820
414 0.600 0.710 0.860 1.060 1.370 1.810 2.430 3.260 4.300 5.480 6.650 7.600 8.120 8.100 7.560 6.630 5.540 4.500 3.610 2.860 2.160 1.480 0.920 0.600 0.460 0.390
415 0.560 0.660 0.790 0.990 1.280 1.720 2.330 3.150 4.160 5.300 6.440 7.370 7.910 7.960 7.500 6.660 5.610 4.560 3.610 2.790 2.050 1.420 1.010 0.890 0.920 0.830
416 0.500 0.590 0.710 0.880 1.140 1.550 2.150 3.000 4.110 5.460 6.880 8.100 8.860 8.960 8.380 7.280 5.950 4.620 3.460 2.490 1.690 1.070 0.720 0.640 0.680 0.590
417 0.840 1.000 1.210 1.500 1.920 2.500 3.280 4.230 5.290 6.330 7.190 7.710 7.790 7.390 6.600 5.570 4.450 3.410 2.510 1.800 1.250 0.850 0.570 0.410 0.320 0.280
418 0.660 0.800 0.980 1.230 1.580 2.070 2.750 3.620 4.690 5.860 6.950 7.750 8.080 7.870 7.160 6.140 5.040 4.070 3.290 2.660 2.060 1.410 0.830 0.500 0.390 0.350
ID 1.826 1.692 1.557 1.422 1.288 1.153 1.019 0.884 0.749 0.615 0.480 0.346 0.211 0.077 -0.058 -0.193 -0.328 -0.462 -0.596 -0.731 -0.866
P02
512 1.280 1.300 1.350 1.400 1.430 1.390 1.290 1.170 1.060 1.010 1.020 1.060 1.060 0.980 0.780 0.480 0.200 0.041 0.004 0.000 0.000
514 0.810 0.760 0.740 0.710 0.660 0.570 0.460 0.340 0.270 0.260 0.320 0.430 0.530 0.570 0.530 0.370 0.180 0.041 0.004 0.000 0.000
516 3.190 3.290 3.330 3.300 3.190 3.000 2.750 2.460 2.170 1.910 1.680 1.470 1.270 1.050 0.840 0.650 0.500 0.420 0.380 0.380 0.380
518 0.130 0.110 0.120 0.120 0.120 0.079 0.035 0.007 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
520 0.150 0.055 0.010 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
522 0.013 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
524 0.026 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
526 0.042 0.014 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
528 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
530 0.022 0.010 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
532 0.076 0.035 0.010 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
534 0.008 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
536 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
538 0.099 0.051 0.016 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
567 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P06
49 0.740 0.670 0.600 0.490 0.380 0.280 0.180 0.081 0.017 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
51 1.770 1.910 2.060 2.250 2.510 2.850 3.300 3.840 4.410 4.920 5.260 5.320 5.040 4.440 3.580 2.620 1.690 0.900 0.360 0.100 0.012
53 2.530 2.710 2.870 3.030 3.170 3.310 3.460 3.610 3.760 3.850 3.860 3.740 3.450 3.000 2.410 1.760 1.120 0.550 0.190 0.034 0.002
55 2.410 2.460 2.450 2.370 2.270 2.150 2.060 2.010 2.000 2.010 2.010 1.960 1.830 1.620 1.330 0.950 0.580 0.290 0.140 0.086 0.060
57 0.770 0.780 0.950 1.220 1.460 1.520 1.380 1.190 1.070 1.120 1.240 1.090 0.650 0.170 0.020 0.000 0.000 0.000 0.000 0.000 0.000
59 1.380 1.390 1.410 1.440 1.460 1.460 1.420 1.350 1.320 1.330 1.380 1.400 1.350 1.150 0.800 0.420 0.140 0.026 0.002 0.000 0.000
61 0.670 0.410 0.280 0.260 0.290 0.290 0.270 0.230 0.200 0.190 0.190 0.160 0.094 0.024 0.003 0.000 0.000 0.000 0.000 0.000 0.000
63 0.830 0.460 0.210 0.120 0.091 0.083 0.084 0.092 0.100 0.100 0.092 0.062 0.028 0.006 0.001 0.000 0.000 0.000 0.000 0.000 0.000
65 0.069 0.023 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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